iiiB 


Digitized  by  the  Internet  Archive 

in  2010  with  funding  from 

University  of  Toronto 


http://www.archive.org/details/collectedpapers11list 


X 


The    Lister   Institute 


It 


of 


Preventive  Medicine. 


Collected    Papers, 


No.     II. 


Part    I.       Bacteriological,     Epidemiological, 
Pathological  and   Statistical    Papers. 


LONDON. 
1914-15. 


R 


l/.li 


CONTENTS. 


1.  The   Chemical   Nature   of  a   Bacterial  Haemolysin.     By  E.  E. 

Atkix.     (The  Biochemical  Journal,  Vol.  YIII.,  1914.) 

2.  Observations  on  the  length  of  time  that  Flea8  {Ceratophyllus 

fasciatus)  carrying  Bacillus  pestis  in  their  alimentary  canals 
are  able  to  surYive  in  the  absence  of  a  host  and  retain  the 
power  to  re-infeot  with  Plague.  By  A.  W.  Bacot.  {Journal 
of  Hygiene,  Plague  Supplement;  IV.,  1915) 

3.  Further    Notes    on    the    Mechanism   of   the   Transmission   of 

Plague  by  Fleas.  By  A  W.  B.\cot.  {Journal  of  Hygiene, 
Plague  Supplement  IV.,  1915.) 

4.  Notes   on  the   Development  of  Bacillus  pestis  in  Bugs  (Ciniex 

kctularius)  and  their  power  to  convey  infection.  By  A.  W. 
B.\C0T.     {Journal  of  Hygiene,  Plague  Supplement  IV.,  1915.) 

5.  The  Fleas  found  on  Rats  and  other  rodents,  living  in  association 

with  Man,  and  trapped  in  the  towns,  villages  and  Nile 
boats  of  Upper  Egypt.  By  A.  W.  B.\cot,  G.  F.  Petrie,  and 
Captain  E.  E.  Todd,  R  A.M.G.  {Journal  of  Hygiene,  Vol.  XIV., 
1914.) 

6.  Analysis  of  the   Effect  of  Nuclein  and   Nucleic  Acid  on  the 

Normal  Antibody.  By  S.  P.  Bedson.  {The  Journal  of 
Pathology  and  Bacteriology,  Vol.  XIX.,  1914.) 

7.  The  Influence  of  Metabolic  Factors  in  Beriberi.     Part  I.     The 

effect  of  increasing  the  Carbohydrate  Ration  on  the 
development  of  Polyneuritis  in  Birds  fed  on  polished  rice. 

■  By  W.  L.  Br.\ddon  and  E.  A.  Cooper.     {Journal  of  Hygiene, 
Vol.  XIV.,  1914.) 

8.  Obligate  Anaerobes  in  the  Alimentary  Tract  of  Infants.     By 

E.  Jeax  Dal\ell.  {Journal  of  Pathokgy  and  Bacteriology, 
Vol.  XIX.,  1914.) 

9.  The  Influence  of  the  Age  of  the  Parent  on  the  Vitality  of  the 

Child.  A  First  Study.  By  R.  J.  Ewart.  {Journal  of  Hygiene, 
Vol.  XIV.,  1914.) 

10.  The  Sterility  of  Normal  Urine  in  Man.     By  E.  C.  Hort.     {The 

Journal  of  Hygiene,  Vol.  XIV.,  1914.) 

11.  Experimental  Purpura.     By  J.  C.  G.  Ledingham  and  S.  P.  Bedsox. 

{The  Lancet,  1 ,  1915.) 

12.  Report  upon  the  post-mortem  examination  of  Rats  at  Ipswich. 

By  G.  H.  Macalister  and  R.  St.  John  Brooks.  {The  Journal 
of  Hygiene,  Vol.  XIV.,  1914.) 


Vi.  Tetanus:  its  Prevention  and  Treatment  by  means  of  Anti- 
tetanic    Serum.      By   Alfred   Macconkey.     {British   Medical 

,l.irn.i:.    II.,    r.»i4.) 

1  \      Further  Experiments  on  Vaccination  against  a  Body-strain  of 

Plague.     By  S.   Rowland.     {The    Journal  of  Hygiene,  Plague 
Siippiomoiit  IV.,  1915.) 

1')  Immunisation  by  Pseudotubercle.  By  S.  Rowlaxd.  {The  Joimial 
of  Uijgieiie,  Plague  Supplemeut  IV.,  1915.) 

1''     Immunisation    by    Living    Avirulent    Cultures    (Strong).     By 

S    Ki)\vi,\Ni).     (The  Journal  of  Ili/ijiene,  Plague  Supplement  IV., 

r.M.y) 

17     The  Influence  of  Race  on  the  Efficiency  of  the  Antigen.     By 

S.  Rowland.     {Tlh'  Journal  of  Ilyyiene,  Plague  Supplement  IV., 
I'.ilo.) 

;-  On  the  Failure  to  Vacoinate  against  a  Virulent  Body-strain 
even  with  an  Antigen  prepared  as  far  as  possible  under 
body  conditions.  By  S.  Rowland.  (Tlie  Journal  of  Hygiene, 
Pl:igue  Supplement  IV.,  1915.) 

P'  The  Protective  and  Curative  Value,  against  infection  with  a 
serum  race  of  Plague,  of  the  serum  of  a  horse  immunised 
with  Nucleoprotein  extracted  from  a  strain  of  Plague 
Bacilli  propagated  on  Serum  protein.  By  S.  Rowland. 
{The  Journal  of  Hygiene,  Plague  Supplement  IV.,  1915.) 

20  Ultra  violet  Light  as  a  Germicide  in  the  preparation  of  Plague 
Vaccine,  iiv  S.  Rowland.  {The  Journal  of  Hygiene,  Plague 
Supplement  IV.,  1915.) 

•21      Studies    on   the   Effect  exerted   by   Shaking  on   Serum.      By 

II.  Schmidt.     {The  Journal  of  Hygiene,  Vol.  XIV.,  1914.) 

22.  Studies  on  the  Inactivatioa  of  Complement  by  Shaking.     By 

II.  Schmidt.     (The  Journal  of  Hygiene,  Vol.  XIV.,  1914.) 

23.  Studies    on    the    Berkefeld  filtration    of    Complement.      By 

H.  Schmidt.     The  Journal  of  Hygiene,  Vol.  XIV.,  1914.) 

2  J      The  Identification  of  the  Pathogenic  Members  of  the  Typhoid- 

Colon  Group  of  Bacilli.     By  J.  HendeksoxN  Smith.     {British 
Medical  Journal,  Vol.  II.,  1915.) 

20  Researches  on  the  Inhibition  produced  by  certain  sera  on  the 
Coagulating  power  of  Rennet.  By  A.  C.  Thaysen.  {The 
Biocliemical  Journal,  Vol.  IX.,  1915.) 


[From  THE  BIOCHEMICAL  JOUENAL,  Vol'.  VIII,  No.  4,  August,  1914] 
[All  Eights  reservedl 


/(-7 


XXXIX.     THE    CHEMICAL   NATURE    OF   A 
BACTERIAL   HAEMOLYSIN. 

By  EKIC  EDWIN  ATKIN. 
from  the  Bacteriological  Department,  Lister  Institute. 

(Received  July  Uh,  I'.H'i.) 

I.    Thk  relation  between  the  velocity  of  Heat-destruction  of  a 
Bacterial  Hakmolvsix  and  the  True  Reaction  of  the  Substrate. 

Our  present  knowledge  of  the  effect  of  heat,  and  also  of  acid  and  alkali 
on  the  velocity  of  destruction  of  bacterial  haeniolysins,  is  due  to  Famulener 
and  Madsen  [1908J.  They  were  able  to  show  that  in  all  cases,  whether  by 
altering  the  temperature  or  the  degree  of  acidity  or  alkalinity  of  the  medium, 
the  process  of  destruction  proceeded  as  a  reaction  of  the  first  order — that 
is  to  sav,  the  destruction  at  any  instant  was  proportional  to  the  amount  of 
haeniolysin  then  present.  They  found  that  as  they  increased  the  quantity 
of  acid  or  alkali,  the  velocity  constant  increased  and  there  was  a  minimum 
velocity  somewhere  in  the  neighbourhood  of  the  neutral  point.  The  exact 
relationship  of  this  minimum  to  neutral  reaction  of  the  medium,  they  did 
not  fletermine  however,  as  the  hydrogen  ion  concentration  was  not  measured. 
Since  that  time  the  technique  of  the  determination  of  the  hydrogen  ion 
concentration  of  biological  liquids  by  the  electrical  method  has  greatly 
developed  and  at  the  present  day  we  can  find  its  value  with  a  very  considerable 
degree  of  accuracy.  It  is  therefore-interesting  to  investigate  how  the  velocity 
of  destruction  varies  with  the  hydrogen  and  hydroxy!  ion  concentration. 
The  fact  that  the  velocity  increases  both  with  acidity  and  alkalinity  is 
strongly  in  favour  of  the  view  that  the  substance  producing  haemolysis 
is  an  amphoteric  electrolyte  and  that  both  anion  and  cation  are  thermolabile, 
while  the  undissociated  molecules  are  probably  not  at  all  so,  under  the 
conditions  of  the  experiment.  On  this  assumption  the  velocity  should  be 
at  a  minimum  when  the  anions  and  cations  are  present  in  the  fewest  possible 
numbers,  that  is  at  the  isoelectric  point.     From  such  experiments  therefore 
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we  ought  to  obtain  information  about  the  relative  magnitudes  of  the  acidic  and 
basic  dissociation  constants  of  the  haemolysin.  We  shall  then  know  whether 
the  haemolvsin  functions  as  a  weak  acid  or  base  in  pure  watery  solution. 

The  haemolysin  I  have  used  is  that  produced  in  broth  cultures  of  Vibrio 
nasik.  After  growdng  this  micro-organism  in  alkaline  broth  (such  as  is  em- 
ployed for  the  production  of  diphtheria  toxin)  for  a  period  of  nine  or  ten  days 
at  37°,  it  is  killed  bv  toluene  and  the  dead  bacteria  removed  by  a  centrifuge 
at  a  speed  of  about  5000  revolutions  per  minute.  The  clear  liquid  is  separated 
and  toluene  added.  The  haemolysin  keeps  well  at  room  temperature.  It 
is  lytic  for  the  red  corpuscles  of  many  different  animals.  I  have  used  a 
1  %  suspension  of  sheep  red  cells  in  0-9  %  NaCl.  The  relative  amounts 
of  haemolysin  present  in  a  series  of  samples  were  estimated  by  Madsen's 
colorimetric  method  [Kraus  and  Levaditi,  1908]. 

The  reaction  of  nasik  lysin  was  altered  by  the  addition  of  HCl  or  NaOH 
according  as  an  acid  or  alkaline  medium  was  required.  Small  amounts  of 
acids  simply  had  the  effect  of  neutralising  or  lessening  its  degree  of  alkalinity 
— the  lysin  being  alkaline  to  begin  with.  In  each  case  a  definite  amount  of 
acid  or  alkali  was  added  to  90  cc.  of  lysin  and  the  whole  made  up  to  100  cc. 
with  distilled  water.  It  was  then  left  overnight  in  the  cold  room  and  next 
day  hydrogen  was  bubbled  through  for  three  hours.  This  procedure  dis- 
sipated the  traces  of  toluene  which  were  still  dissolved  in  the  lysin,  and  which 
Sorensen  has  shown  may  adversely  affect  the  electrodes  in  the  electrical 
method  of  estimating  hydrogen  ion  concentration.  It  also  had  the  effect 
of  removing  any  excess  of  COg  or  XH3.  Carbon  dioxide  is  not  an  electrically 
active  gas,  that  is  to  say,  it  does  not  give  rise  to  an  electromotive  force  in 
a  platinum  electrode  dipping  in  a  liquid,  but  when  dissolved  in  water  it  forms 
HgCOg  which  is  slightly  dissociated  into  H'  and  HGO3'  ions  and  therefore 
increases  the  acidity  of  the  solution.  This  would  not  matter  except  for  the 
fact  that  the  CO2  easily  diffuses  out  of  the  solution,  notably  into  the  atmo- 
sphere of  hydrogen  during  electrical  measurement  of  the  reaction,  thereby 
altering  the  reaction  of  the  liquid  and  the  saturation  of  the  electrode. 
Ammonia  on  the  other  hand  is  electrically  active  and  would  modify  the 
potential  of  the  hydrogen  electrode.  In  the  most  alkaline  samples  of  lysin 
with  which  I  worked  there  was  a  very  distinct  smell  of  NH3,  due  no  doubt 
to  decomposition  of  ammonium  salts  by  the  added  NaOH  and  so  it  was  very 
necessary  to  get  rid  of  this.  The  lysin  was  therefore  left  in  contact  with 
hydrogen  for  another  day  in  the  cold  room.  The  most  suitable  temperature 
at  which  the  destruction  of  the  lysin  could  be  followed,  was  shown  by 
Bioch.  vm.  22 
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Famulcnor  and  Madsen's  exiu'rinu'nts  to  be  about  UHf  and  this  temperature 
was  tliereforr  iluKseu.  Inuuediately  before  the  heating  of  the  lysin  took 
plaoe.  its  hydro};en  ion  coiuentration  [H]i  was  measured  by  the  electrical 
nietho.1.  The  particular  type  of  apparatus  used  was  that  described  by 
Micharlis  and  Hona  [  190;>j  the  characteristics  of  which  are  the  still  atmosphere 
(.f  hv.Iro;:,.,!  (•<.nd)ine<l  with  minimuiii  immersion  of  the  electrode.  Uhen 
the  elect r<»des  only  just  dip  into  the  liquid  the  e.m.f.  becomes  constant 
very  quickly  and  this  is  often  of  great  importance  in  biological  work  where 
the  reaction  may  be  altering  during  the  operation.  The  measurements 
took  place  at  Ul-O  the  same  temperature  as  that  at  which  the  destruction 
of  lysin  was  followed.  As  normal  electrode  I  used  a  hydrogen  electrode 
dipping  into  X/IO  HCl.  The  [H]  of  this  solution  at  46°  is  only  slightly  less 
than  at  ordinary  room  temperature  and  it  was  estimated  by  graphic  inter- 
IM.lation  from  data  given  by  A.  A.  Xoyes  and  others  [1910]  to  be  dissociated 
to  the  extent  of  9M  "o-  '■^s  connecting  liquid  KCl  was  used  and  readings 
taken  with  two  strengths,  namely,  1-75  N  and  3-5  N  solutions  and  the  true 
value  extrapolated  by  addition  of  the  difference  of  the  two  potentials  to  the 
latter  according  to  the  method  suggested  by  Bjerrura  [1905].  About  two 
minutes  was  allowed  for  the  cells  to  attain  the  temperature  of  the  water  bath 
and  then  readings  taken  immediately.  Potential  equilibrium  is  practically 
established  by  this  time  as  one  would  expect,  especially  as  the  hydrogen 
electrodes  have  been  in  contact  with  the  liquids  to  be  tested  for  some  minutes 
previous  to  immersion  in  the  water  bath.  By  continuous  observation  of 
the  E.M.F.  at  16 ■  a  very  gradual  change  is  perceived  due  to  slight  alterations 
of  the  H'action  of  the  lysin,  as  will  be  mentioned  later.  An  immediate 
reading  as  soon  as  the  lysin  has  reached  46°  is  necessary  therefore  and 
although  an  error  may  creep  in  here  it  can  only  be  trifling. 

The  reaction  of  a  given  sample  of  lysin  being  ascertained,  it  was  next 
heated  to  16-0  .  For  this  purpose  a  water  bath  with  a  toluene  regulator 
was  employed.  During  the  heating  the  temperature  never  varied  more  than 
+  0-02."»  and  often  was  practically  constant,  the  thermometer  used  being 
an  accurate  one  graduated  in  tenths  of  a  degree  and  read  with  the  naked  eye. 
Arrhenius  has  introduced  an  empirical  formula  for  the  relation  between 
velocity  constants  and  temperature,  namely, 

/.•,  2  V  T.T,  ) 


k.=' 


«  H'  sUnds  for  hydrogen  ion,  the  brackets  for  concentration,  and  p^.  for  the  negative  exponent 
when  the  normality  is  expressed  as  a  power  of  10. 
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k,  and  A-,  being  the  velocity  constants  at  the  absolute  temperatures  T^  and  T, 
and  yti  a  constant  for  a  given  substance.  Famulener  and  Madsen  [1908]  have 
shown  that  this  equation  is  valid  for  nasik  haemolysin,  where  fx.  =  128,000, 
We  can  therefore  calculate  what  would  be  the  change  in  the  velocity  constant 
for  a  rise  in  temperature  from  45-975'  to  46-025°.     Under  these  conditions 

the  ratio  ,-'  =1032,  which  represents  the   maximum  error  and  is  so  small 

A' J 

as  to  be  negligible.  The  lysin  was  placed  in  a  large  test  tube  containing 
the  thermometer,  which  was  also  used  for  stirring,  and  fitted  with  a  large 
cotton  wool  plug.  It  was  previously  heated  to  about  the  required  temperature 
and  quicklv  transferred  to  the  water  bath.  As  soon  as  the  thermometer 
registered  exactlv  46-0^  a  sample  was  removed  by  insinuating  a  narrow  bore 
glass  tube  at  the  side  of  the  wool  plug,  the  top  of  which  was  fitted  to  a  10  cc. 
pipette  with  a  piece  of  rubber  tube.  From  the  pipette  7  cc.  were  measured 
off  into  a  tube  containing  sufficient  acid  or  alkali  to  neutralise  the  added 
alkali  or  acid,  and  immediately  cooled  down  in  ice-cold  water.  By  this 
manoeuvre  the  temperature  of  the  lysin  in  the  water  bath  did  not  appreciably 
alter.  The  attempt  to  bring  the  reaction  back  to  its  original  value  by  adding 
the  calculated  amount  of  acid  or  alkali  as  the  case  might  be,  was  only  partially 
successful  as  can  be  easily  imagined,  but  this  is  not  of  great  importance  since 
the  haemolvtic  action  of  the  lysin  on  red  cells,  within  fairly  wide  limits,  is 
independent  of  the  [H'].  After  seven  samples  had  been  removed  at  definite 
intervals  of  time  the  [H']  of  the  remainder  was  determined  as  before.  It 
was  found  that  in  practically  every  case  the  reaction  had  changed  during 
heating  to  a  greater  or  less  extent.  It  might  be  thought  that  it  would  have 
been  better  to  alter  the  reaction  by  means  of  regulator  mixtures  which  keep 
the  reaction  constant,  that  is,  weak  acids  or  bases  in  conjunction  with 
their  salts,  instead  of  HC'l  and  XaOH.  There  are  however  objections  to 
this.  In  the  first  place  I  was  desirous  of  introducing,  if  possible,  only  ions 
of  the  kind  already  present.  E\'idence  is  accumulating  that  other  anions 
and  cations  besides  H  ions  and  OH  ions,  influence  the  chemical  actions 
of  biological  substances  and  so  may  have  altered  the  chemical  relation  of 
the  lysin  to  H  and  OH  ions.  In  addition,  the  amount  of  regulator  necessary 
would  be  relatively  large,  and  the  dilution  of  the  lysin  would  be  such  as 
materially  to  limit  the  range  over  which  the  destruction  could  be  studied. 
As  can  be  seen  from  Fig.  1  the  alteration  of  reaction  during  heating  is  in 
most  instances  relatively  slight  and  in  any  case  insufficient  to  vitiate  the  main 
results  of  this  investigation.     Fortunatelv  the  greatest  changes  took  place 
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in  the  neijihhourluHul  of  the  neutral  point,  where  considerable  alterations 
in  the  reaction  produce  relatively  small  changes  in  the  velocity  constant. 

The  followinj;  will  serve  as  a  type  of  a  single  determination  of  a  velocity 
constant  : 


1  N.HCI 

HX)       Nasik  lysin 

[H-] 

2-2  CO. 

7-8  CO.           90  cc. 

Py.  at  46-0° 

5-47 

Hc«U«t  at  4titt  . 

Minutes 

Uaemolytic  Equivalents. 

Volume.-'  of  lysin  producing 

equal  haemolysis 

k: 

K  0-4343 

0 

0055 

15 

0065 

0-00484 

30 

007 

000214 

45 

0072 

0-00082 

(K) 

0075 

0-00118 

75 

009 

0-00528 

iH> 

Oil 

0-00581 

d 


Mean 


0-00335 


To  7  cr.  of  i-a4h  (sample  after  heating  were  added  0-154  c-c.  of  X.NaOH  and  0-846  cc.  of  water. 
.Aft*'r  heating'  at  46°,  p^^.  wad  found  to  be  5-51. 


TAHLK  I.     Velocitif  of  Destruction  of  Nasik  Lysin  at  Different  Reactions. 


(t=  JLIog,^-''^  P„.at460° 

k  X  43-43 
28-0 
18-93 
15-7 

9-84 

5-2 

2-95 

0-72 

0-4 

0-08 

0-22 

01 6 

0-335 

2-05 

3-95 

6-4 
10-6 
16-95 

In  this  way  a  num})er  of  values  for  k  were  obtained  between  two  limits 
of  [H]  in  each  case.  The  results  have  been  tabulated  and  charted.  An 
inspection  of  Fig.  1  will  reveal  the  points  of  interest. 

The  hnes  through  which  the  curve  has  been  drawn  represent  the  limits  of 
the  change  of  reaction  during  heating.     The  velocity  of  destruction  rises 


before  heating 
8-43 
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after  heating 
8-49 
8-23 
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8-17 

8-19 
7-55 

8-10   ' 
7-62 

7-37 
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7-17 
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7-06 
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6-54 
6-46 
5-82 

5-48 

6-18 
5-49 
6-5 

517 
5-04 

5-07 
5-04 

5-10 
5-00 
4-77 

4-88 
4-82 
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with  increasing  acidity  and  also  with  increasing  alkalinity  though  not  so 
abruptly  in  the  latter  case.  The  minimum  does  not  correspond  with  the 
neutral  point  but  is  slightly  on  the  acid  side. 


Neutrality 


Alkaline 


Fig.  1.     Relation  between  Velocity  of  Destruction  of  Nasik  Haemolysin  and  the 
Reaction  of  the  Substrate  at  46*0^. 
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Interpretation  of  Results. 

These  facts  can  best  be  explained  on  the  assumption  that  the  substance 
causinji  haenjolysis  is  an  amphoteric  electrolyte  with  an  acid  dissociation 
constant  greater  than  the  basic,  that  is  k„  >  ki,.  If  we  represent  an  ampholyte 
(amphoteric   electrolyte)   in   the   usual   way 

/" 

then  in  strongly  acid  solution  it  will  be  ionised  practically  entirely  thus: 

R<  :^  R-H+OH'. 

and    in   strongly   alkaline  solution 

R<  :^  R-OH'  +  H". 

Both  the  anion  and  cation  are  thermolabile  and  we  should  expect  that 
the  velocity  of  destruction  would  be  at  a  minimum  at  the  isoelectric  point 
(i.p.)  because  here  the  total  number  of  anions  and  cations  is  a  minimum. 
The  I.p.  is  by  definition  the  [H]  of  the  medium  when  the  anions  and  cations 
of  the  ampholyte  are  present  in  equal  numbers  and  it  can  also  be  shown  that 
their  total  concentration  is  the  least  possible  at  a  given  temperature  and  in 
a  given  solvent — in  other  words  at  the  i.p.  the  molecules  of  an  ampholyte 
suffer  least  dissociation  in  solution.  It  is  easy  to  see  that  if  the  H'  and  OH' 
have  the  same  tendency  to  split  off  from  the  molecule  (A-„  -  k,)  the  i.p. 
will  correspond  exactly  with  the  neutral  point  ;  but  if,  for  example,  there 
is  a  greater  ten<lency  for  the  H'  than  the  OH'  to  dissociate,  as  is  the  case  with 
so  many  protein  substances,  it  will  be  necessary,  in  accordance  with  the  law 
of  mass  action,  to  add  an  acid  to  limit  the  splitting  off  of  H  ions  in  order 
that  an  ecjual  number  of  anions  and  cations  may  be  present.  Now  the 
neutral  point  at  lO-O  obtained  by  graphic  interpolation  from  data  for  the 
dissociation  product  of  water  at  different  temperatures  given  by  Lunden 
[1908]  is  ])^^.  0-09.  On  reference  to  Fig.  1  the  minimum  of  the  curve 
appears  well  on  the  acid  side  of  the  neutral  point,  and  the  explanation  is 
that  the  lysin  has  a  larger  acid  than  basic  dissociation  constant.  These 
results  are  consi.stent  with  the  vi.'w  that  the  lysin  is  an  ampholyte  comparable 
with  the  serum  proteins. 

There  is  another  possibility,  however,  namely  that  the  lysin  is  a  dibasic 
acid.     A  minimum  velocity  of  destruction  would  then  correspond  with  a 
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maximum  number  of  monovalent  anions  present,  and  the  velocity  would 
increase  on  the  one  hand  with  the  number  of  undissociated  molecules  of 
lysin,  and  on  the  other  hand  with  the  divalent  anions,  according  as  the 
solution  was  made  more  acid  or  less  acid  respectively. 

Trypsin  is  an  ampholyte  in  which  only  the  monovalent  anion  has  a 
ferment  action,  but  it  seems  probable  that  divalent  anions  which  are  inactive 
are  formed  by  splitting  off  of  another  H"  on  further  reducing  the  acidity 
[Michaelis  and  Davidsohn,  1911].  Similar  considerations  would  apply  in 
the  case  of  a  di-acid  base.  It  is  only  possible  to  choose  between  the  two 
alternatives  by  testing  the  direction  of  movement  in  an  electric  field,  in 
solutions  of  varying  [H]. 

II.     Cataphoresis  expeeiments  with  Nasik  Lysin. 

The  lysin  already  employed  was  not  suitable  for  this  purpose  on  account 
of  its  high  electrical  conductivity.  The  original  broth  on  which  the  vibrio 
was  cultivated  contained  0-5  %  NaCl  in  addition  to  salts  from  the  meat 
and  peptone.  I  first  attempted  to  produce  a  lysin  in  a  salt-poor  medium — 
peptone  water  alone  or  with  a  little  broth  added — but  I  only  succeeded 
in  obtaining  a  weak  lysin  in  this  way.  Dialysis  was  next  tried.  Parchment 
paper  proved  useless  as  the  lysin  disappeared  almost  as  quickly  as  the  salts 
from  the  solution.  Much  better  results  followed  the  use  of  an  animal 
membrane  as  dialyser  (the  so-called  Fischblase),  which  has  been  success- 
fully used  to  obtain  electrolyte-free  ferment  solutions.  By  dialysing  for 
24  hours  against  distilled  water,  I  was  able  to  get  a  fairly  strong  lysin  with 
an  electrical  conductivity  about  quarter  that  of  N/100  NaCl.  Reduction 
of  lytic  power  occurred  here  also,  but  to  a  much  less  extent  than  in  the 
case  of  the  parchment  membrane. 

The  apparatus  used  was  that  designed  by  Landsteiner  and  Pauli,  with 
unpolarisable  electrodes  of  Ag  in  NaCl,  and  Cu  in  CuCla  which  have  been 
recommended  by  Michaelis.  In  order  to  vary  the  [H']  a  regulator  mixture 
was  used  as  it  did  not  seem  probable  that  the  reaction  would  remain  suffi- 
ciently constant  during  the  experiment  by  the  simple  addition  of  HCl.  It 
was  not  necessary  to  make  the  solution  more  alkaline  than  it  already  was, 
as  the  lysin  migrated  to  the  positive  pole  without  any  addition. 

The  most  suitable  mixture  to  produce  the  required  range  of  [H']  was 
lactic  acid  and  its  sodium  salt.  This  regulator  has  been  used  several  times 
in  the  case  of  ferments  and  the  lactate  ion  has  not  been  found   to   have 
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any  specific  effect.  This  regulator  was  added  to  the  lysin  in  the  ratio  of 
repuhitor  :  lysin  =1:0.  It  is  not  practicable  to  dilute  the  lysiu  more  as 
itii  stron"th  would  he  iusullicient  to  make  it  easy  to  detect  when  it  had  moved 
to  one  or  other  pole  in  small  quantity.  Its  content  of  added  salt  (sodium 
jact-atc)  was  O-OJ  N.  This  is  not  very  concentrated  for  a  regulator  but  it 
seemed  desirable  to  keep  the  electrolyte  content  as  low  as  possible.  The 
slaking  power  of  the  lysin  on  the  [H]  of  the  regulator  was  considerable. 
After  several  ini.xtures  had  been  made  and  the  values  of  their  [H]  estimated 
it  was  easv  to  construct  a  curve  from  which  to  predict  fairly  accurately  in 
advance  the  [H]  of  any  mixture.  Such  mixtures  were  put  in  the  middle 
compartment  of  the  cataj)horesis  apparatus,  and  in  the  side  pieces  a  regulator 
mi.vture  of  as  nearly  as  possible  the  same  [H"],  with  the  lysin  replaced  by 
distilled  water.  The  latter  mixture  was  therefore  of  slightly  lower  specific 
gravity  than  the  lysin  mixture,  but  had  the  same  amount  of  added  elec- 
trolyte, if  we  neglect  the  slightly  dissociated  anions  of  the  lactic  acid.  The 
electrodes  were  filled  with  0-01  N  NaCl  in  addition  to  the  small  amount  of 
concentrated  salt  solutions-  Na CI  on  the  positive  side,  and  CuCla  on  the 
negative  5idf — which  formed  layers  at  the  bottom.  The  whole  apparatus 
when  filled  was  air-tight,  and  was  sunk  in  a  water  bath  at  10°.  A  pressure 
of  2(M>  volts  was  then  applied  for  four  hours.  The  current  passing  was  of 
the  order  of  (t-25  milliampere,  but  varied  of  course  with  different  conditions 
of  the  solutions,  the  concentration  of  electrolyte  at  the  electrodes  and  the 
size  of  the  electrodes.  At  the  end  of  the  time  allowed,  0-4  cc.  of  liquid  was 
removed  from  the  bottom  of  each  side  tube  of  the  apparatus  with  a  Jena 
glass  pipette,  which  was  drawn  out  to  a  very  fine  capillary  and  was  fitted 
to  a  syringe* by  means  of  a  small  rubber  cork.  Very  evenly  regulated  slow 
suction  was  produced  in  this  way,  so  that  the  bottom  layer  of  liquid  just 
above  the  taps  in  the  side  tubes  could  be  abstracted  without  mixing  with 
the  supernatant  layers.  To  this  liquid  was  added  0-2  cc.  of  a  3-6  %  solution 
of  NaCI,  to  bring  its  tonicity  up  to  the  level  which  the  red  blood  cells  can 
tolerate  without  becoming  haemolysed.  It  was  then  carefully  neutralised 
with  0-2  N  NaOH.  The  technique  of  neutralisation  presented  some  diffi- 
culties at  first  owing  to  the  fact  that  it  was  not  feasible  to  waste  more  than 
a  mmute  amount  of  liquid  in  the  process,  and  it  was  very  necessary  to  bring 
the  solution  near  neutrality  or  else  haemolysis  would  be  produced  by  the 
excess  of  acid  or  alkali  present.  Very  small  drops  were  taken  and  tested 
with  equally  small  drops  of  suitable  indicators  such  as  methyl-red,  rosolic 
acid,  a-naphthol-phthalein,    on   a   white   porcelain   plate.      It   was   found 
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absolutely  essential  to  use  Jena  glass  for  the  pipettes  for  removal  of  the  liquid 
and  indicators.  In  this  way  it  was  easy  to  neutralise  with  a  very  small 
total  loss  of  liquid.  Lastly  1-0  cc.  of  a  1  %  suspension  of  sheep  red  cells 
in  0-9  %  NaCl  was  added,  and  the  whole  incubated  for  three  hours  at  37°. 
The  tubes  were  then  shaken  and  examined  next  day  for  haemolysis.  A 
similar  sample  was  always  taken  from  the  middle  compartment  at  the  end 
of  cataphoresis  to  show  that  the  lysin  had  not  been  destroyed  by  excessive 
acidity  or  other  circumstances  (see  later).  In  all  the  mixtures  of  lysin  and 
regulator  a  turbidity  appeared  immediately  which  gave  rise  to  more  or  less 
precipitate  as  time  went  on,  according  to  the  degree  of  acidity. 

This  precipitate  is  presumably  mainly  composed  of  denaturated  protein 
coming  from  the  meat  used  in  the  preparation  of  the  original  broth,  which 
only  completely  flocculates  when  brought  to  its  isoelectric  point.  At  any 
rate  a  similar  precipitate  can  be  obtained  from  a  meat  broth  (without  peptone) 
with  its  optimum  at  about  the  same  [H'].  The  presence  of  this  protein 
impurity  in  the  lysin  solution  was  a  considerable  complication.  At  certain 
degrees  of  acidity  it  had  the  power  of  removing  much  of  the  lysin  from  the 
solution,  in  the  process  of  precipitation,  leaving  only  a  weak  lysin  to  work 
with.  Before  discussing  its  effect  on  the  direction  of  migration  of  the  lysin 
I  will  indicate  the  experimental  results. 

Table  II  shows  the  direction  of  movement  of  the  lysin  in  an  electric 
field  at  varying  [H"].  The  temperature  was  10°  and  the  [H']  was  deter- 
mined at  the  same  temperature  using  in  this  case  a  calomel  electrode  as 
standard.  The  ttq  value  (0-3383)  at  10°  was  obtained  by  graphic  extra- 
polation from  values  given  by  Sorensen  [1912].  It  will  be  seen  that  in  most 
cases  there  is  not  very  much  difference  between  the  [H']  of  the  lysin  before 
and  after  cataphoresis.  The  liquid  on  the  +  side  in  every  case  became  more 
alkaline  ;  that  on  the  —  side  sometimes  increased  in  acidity  but  showed  less 
tendency  to  change  from  the  original  reaction  of  the  regulator.  It  is  obvious 
that  these  small  deviations  from  the  reaction  of  the  lysin  in  the  middle 
compartment  will  not  militate  against  the  definition  of  the  limit  of  move- 
ment to  either  pole.  For  instance  a  lysin  anion  travelling  towards  the 
+  pole  on  coming  in  contact  with  a  more  alkaline  medium  will  not  tend  to 
have  its  charge  reversed  as  it  would  if  it  met  a  more  acid  medium,  and  it 
will  proceed  on  its  way.  Similarly  on  the  acid  side  increased  acidity  will 
not  interfere  with  the  progress  of  the  lysin  cations.  The  charge  and  therefore 
the  direction  of  movement  of  the  ions  will  thus  be  determined  by  the  [H'] 
of  the  lysin.     It  will  be  seen  that  movement  to  both  poles  has  been  obtained 
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with  a  zone  of  no  movement  between  them,  according  to  the  degree  of  acidity. 
This  points  to  the  fact  that  the  lysin  is  an  ampholyte  and  lends  additional 
support  to  the  interpretation  of  the  experiments  on  velocity  of  destruction 
of  the  lysin  by  heat. 

Discussion. 

The  early  experiments  to  determine  the  electric  charge  of  antigens 
(toxins,  etc.)  were  all  vitiated  by  neglect  to  exclude  sharp  changes  of  reaction 
at  the  electrodes.  Field  and  Teague  [1907]  used  platinum  electrodes  and 
in  addition  complicated  their  work  by  the  presence  of  agar,  through  which 
they  designed  the  toxin  should  travel  and  lend  itself  to  easy  detection. 
They  determined  that  both  the  toxin  and  antitoxin  of  diphtheria  and  tetanus 
had  positive  charges  which  were  not  reversed  by  altering  the  reaction  of 
the  solvent — a  most  unlikely  result  in  the  light  of  later  research.  Teague 
and  Buxton  [1907]  believed  that  they  had  shown  that  haemagglutinins 
moved  to  the  cathode  and  considered  that  "  all  the  active  principles  of 
serum  concerned  in  the  a nti -reactions  have  a  tendency  to  migrate  towards 
the  cathode."  Their  experiments  were  carried  out  in  a  similar  way  to  those 
of  Field  and  Teague  except  that  they  used  unpolarisable  electrodes.  Bech- 
hold  [1907]  used  membranes  with  the  idea  of  excluding  the  products  formed 
at  the  poles  from  the  substance  being  examined. 

Landsteiner  and  Pauli  [1908]  in  the  case  of  abrin,  ricin,  and  the  haem- 
agglutinin  found  in  normal  fowl  serum,  obtained  a  movement  to  the  negative 
pole  in  each.  A  determination  of  the  [H']  of  the  solution  was  here  lacking, 
but  it  was  presumably  not  far  from  the  neutral  point.  These  experiments 
are  an  advance  on  the  previous  ones  as  the  fallacies  of  the  method  were 
eliminated. 

Landsteiner  [1913]  states  that  he  has  some  unpublished  results  showing 
that  staphylolysin  and  arachnolysin  are  amphoteric.  The  only  details 
given  are  that  in  weak  acid  reaction  the  lysins  migrated  to  the  negative  pole, 
and  in  weak  alkaline  to  the  positive  pole. 

Let  us  now  attempt  to  co-ordinate  the  two  series  of  results,  namely, 
the  curve  of  velocity  of  destruction  and  the  movement  in  an  electric  field. 
The  temperature  in  the  two  cases  was  different  because  the  minimum 
velocity  of  destruction  of  the  lysin  had  to  be  reduced  for  the  cataphoresis 
experiments,  so  that  the  lysin  should  not  be  appreciably  weakened  by  the 
end  of  the  time  allowed.  Suppose  for  the  present  we  estimate  the  i.p.  at  10° 
(Table  II)  at  about  p^^.  .3-3.     At  46°  the  minimum  velocity  of  destruction 
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can  bo  read  from  the  curve  at  roughly  7^,1.  r.l.  Is  it  reasonable  to  suppose 
such  a  difTerenco  in  the  i.p.  would  occur  at  the  two  temperatures  ?  In 
the  first  place  it  must  not  be  for«rotten  that  values  of  [H]  for  different  tem- 
peratures are  not  directly  comparable.  For  instance  at  46°  the  [H]  of 
neutral  reaction  is  ;)„.  n-r>I).  l)ut  at  10  the  |  IT  |  of  neutral  reaction  is  j)jf.  7-2G. 
It  is  obvious  that  these  two  values  are  tliermodynamically  equivalent.  It 
is  in  fact  the  ratios  H'/OH',  which  correspond  at  two  different  temperatures, 
this  rati(»  beinjj  of  course  ecjual  to  unity  at  neutrality.  A  simple  calculation 
shows  that  the  ratios  of  H"  to  OH'  will  be  the  same  at  the  two  temperatures 
when  the  /;,,.  is  ('»•  I  at  10'  an<l  (>-(»7  at  10".     In  other  words  there  is  a  difference 

of  I.I'.  correspoiidin«,'  to  the  ditlereuce  between  jy^^-  6'67  and  j^n-  3*3  to  be 

acc«ninted  for.  We  Imve  now  to  see  what  is  the  effect  of  temperature  on 
thr  otluT  amino-acids.  The  oidy  data  I  have  been  able  to  find  in  the  litera- 
ture are  those  of  Lunden  [190GJ.  He  determined  the  acid  and  basic  dis- 
sociation constants  of  three  simple  amino-acids  at  25°  and  40°.     I  have 

P 

calculated  the  shift  of  i.p.  in  each  case,  by  means  of  the  equation  R^ 

k 

tv 
I.MicharJis   and    Knnii.    liljuj. 

Isoelectric  Point 

I.  ^^l  *«• 

i«''"P-  "=R  '"     at  25'' =  10-" 

Amphiilyt."  iTiitiin^  k„  jfc,,  k,,  Piv  at  40  =  IQ-^^^-^' 

.A.-«-toxim..  2")        (i(»    .  10  ■>     6-5    x  lO"''*         0-!)2  7-02 

40        <i-!»    .  10   I'    19-0  X  lO-'''         0-52  6-89 

,-J  I  As|«rav'inc  25        l-;}5-10"      1-53  xlO"'-     882-4  5-53 

40        3-22     10  »      4-23xl0-''i      701-2  5-56 

oAminolirnzoicnrid     25        l-OGxlO"'      1-38x10'''  7-68x10''  356 

40        1-35I0''      3-16x10-'-         4-37x10"  368 

The  basic  constant  in  each  case  increases  more  than  the  acidic  with  rise 
of  temperature,  which  leads  to  a. displacement  of  the  i.p.  towards  the  alkaline 
side.  In  the  case  of  acetoxime  the  basic  constant  is  greater  than  the  acidic 
and  the  i.r.  is  conse.piently  on  the  alkaline  side  of  neutrality,  but  in  the  last 
two  the  i.|..  is  (,n  the  acid  side.  Allowing  again  for  the  fact  that  the  values 
of  I.p.  need  correction  as  they  are  determined  at  different  temperatures, 
which  correction  as  we  have  already  seen  still  further  increases  the  difference, 
we  find  that  the  nett  result  of  a  rise  of  temperature  on  the  i.p.  in  the  case 
of  ampholytes  like  ^-i-asparagine  and  o-amino-benzoic  acid,  is  to  shift  it 
towards  the  neutral  point.  This  is  exactly  what  has  taken  place  with  the 
Ivsin.     It  is  true  that  the  difference  in  the  last  case  is  much  greater  than 
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the  more  extended  range  of  temperature  would  account  for  and  it  is  quite 
possible  that  there  are  other  factors  concerned.  It  must  be  remembered, 
for  instance,  that  the  salt  content  of  the  lysin  solution  in  the  heat  destruc- 
tion experiments  was  very  difEerent  from  that  in  the  cataphoresis  experi- 
ments. However  the  lysin  is  in  all  probability  much  more  complicated 
than  such  simple  ampholytes  as  the  ones  cited,  so  that  it  is  unwise  to 
expect  too  close  a  parallel.  From  this  point  of  view  therefore  the  experi- 
mental facts  are  in  harmony  with  the  theory  that  the  lysin  is  an  ampholyte. 
We  have  still  to  consider  the  effect  of  the  presence  of  other  substances 
on  the  behaviour  of  the  lysin.  I  have  already  drawn  attention  to  the  fact 
that  it  is  not  pure.  In  biochemistry  we  are  constantly  faced  with  the 
difficulty  that  the  body  we  are  investigating  is  mixed  with  other  substances 
which  may  influence  its  action.  There  is  some  experimental  evidence 
bearing  on  this  point.  Firstly  there  are  some  anomalous  instances  of  heat 
destruction  of  haemolysius.  Madsen,  Famulener,  and  Walbum  [1904]  found 
that  the  haemolysin  of  staphylococcus  was  greatly  reduced  in  strength  at 
70°,  but  almost  completely  returned  on  raising  the  temperature  to  100° 
for  five  minutes.  LandsteinerandRauchenbichler  [1909]  found  the  same  thing 
and  attributed  it  to  a  union  of  staphylolysin  at  a  medium  temperature  with 
some  other  substance  in  the  solution,  which  compound  was  dissociated 
again  at  100°.  Working  with  megatheriolysin  I  was  able  to  show  [Atkin, 
1910]  that  the  velocity  of  destruction  increased  up  to  a  temperature  of  about 
55°,  then  it  decreased  up  to  a  temperature  of  75°,  after  which  it  increased 
up  to  100°.  This  phenomenon  is  probably  due  to  the  same  cause  as  that 
operating  in  the  case  of  staphylolysin.  I  also  repeated  Madsen  and  Famu- 
lener's  experiments  without  being  able  to  confirm  their  results — the  staphylo- 
lysin showed  only  a  gradually  increasing  destruction  with  rise  of  temperature. 
This  seems  further  to  substantiate  the  view  that  the  return  of  activity  at 
a  high  temperature  is  not  a  characteristic  of  the  lysin  itself,  but  due  to  the 
influence  of  some  foreign  substance.  Naturally  in  different  samples  the 
quantitative  if  not  the  qualitative  relations  of  the  several  constituents 
will  vary.  No  such  property  exists  in  the  case  of  nasik  haemolysin  however, 
possibly  because  of  its  relatively  great  thermolability,  for  it  is  completely 
destroyed  at  a  temperature  considerably  less  than  that  at  which  the  supposed 
union  takes  place  in  the  case  of  staphylolysin  and  megatheriolysin.  Similar 
considerations  also  apply  to  tetanolysin.  If  the  hypothesis  that  megatherio- 
lysin undergoes  a  union  with  some  other  body  at  certain  temperatures, 
which  modifies  its  destruction  by  heat,  is  correct,  the  process  of  destruction 
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should  not  be  a  unimolecular  one.  In  other  words,  if  we  plot  the  logarithms 
of  lysin  concentration  against  time  we  ought  not  to  get  a  straight  line.  If, 
on  the  other  hand,  at  higher  or  lower  temperatures  such  a  combination 
either  does  not  take  place  or  is  disrupted,  it  is  reasonable  to  expect  the  process 
to  be  then  a  logarithmic  one.  I  have  applied  this  test  to  my  experimental 
results  in  the  case  of  megatheriolysin  [Atkin,  1910]  and  find  it  actually  to 
be   so. 

As  the  curves  show  (Fig.  2)  the  process  of  destruction  is  only  unimolecular. 
firstly  from  a  temperature  of  about  7-i^,  upwards,  which  is  near  the  point 
at  which  the  rate  of  destruction  again  begins  to  increase  with  temperature  ; 
secondly,  below  a  temperature  of  about  43".  It  is  not  quite  certain  that 
the  destruction  at  40-0'^  is  logarithmic,  but  at  any  rate  it  approximates 
closely  to  a  straight  line,  if  it  is  in  reality  a  curve.  It  has  been  drawn  in 
the  figure  as  a  dotted  line.  This  last  point  is  interesting  as  it  shows  that 
the  influence  of  the  foreign  substance  is  being  felt  at  a  temperature  con- 
siderably lower  than  that  at  which  it  is  able  to  decrease  the  velocity  of 
destruction  with  rising  temperature.  It  will  be  noticed  that  the  hypothetical 
union  with  another  substance  is  not  a  reversible  process,  otherwise  the 
decomposition  which  presumably  takes  place  at  high  temperatures  would 
result  in  a  re-union  on  cooling  down,  for  we  must  remember  that  the  actual 
test  on  red  blood  cells  is  carried  out  at  37^.  In  fact  the  observation  that 
we  are  able  to  detect  the  phenomenon  at  all  renders  it  highly  probable  that 
it  is  irreversible,  for  if  this  were  not  so  we  shoidd  expect  the  union  at  medium 
temperatures  to  be  split  up  again  on  cooling  to  37°.  We  seem  to  have  a 
criterion  therefore  with  regard  to  the  abnormal  destruction  of  lysins  by  heat, 
namely,  that  if  at  any  temperature  it  can  be  shown  that  the  destruction 
is  not  unimolecular,  the  velocity  of  destruction  will  not  rise  regularly  with 
temperature,  or  what  is  another  phase  of  the  same  phenomenon,  the  strength 
of  the  lysin  will  decrease  at  a  certain  temperature,  and  reappear  again  at 
a  higher  one. 

In  my  present  experiments  with  nasik  lysin  the  temperature  was  kept 
constant  at  46°,  the  reaction  alone  being  changed.  It  is  hardly  to  be 
expected  that  a  union  with  another  body  would  take  place  having  the  same 
effect  as  in  the  case  of  megatheriolysin,  seeing  that  this  effect  requires  a 
considerably  higher  temperature,  but  nevertheless  I  have  subjected  the 
figures  relating  to  the  velocity  of  destruction  to  the  same  test  and  find  that 
in  every  case  the  process  is  unimolecular.  This  fact  is  in  favour  of  the 
chemical  freedom  of  nasik  lysin,  under  the  conditions  of  these  experiments. 
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Work  hoarmji  .'ii  the  influence  of  impurities  on  the  movements  of  enzymes 
in  an  electrie  lield  lias  l)oen  carried  out  by  Pekelharing  and  Ringer  [1911]. 
One  of  them  devised  a  method  of  purifying  crude  pepsin  by  dialysing  and 
thus  reducing  the  acidity,  so  that  the  enzyme  partially  separates  out.  They 
do  not  claim  that  their  product  is  absolutely  pure,  but  at  any  rate  it  is  more 
nearly  pure  than  any  commercial  preparation.  With  it  they  obtained 
migration  to  the  anode  only,  within  the  limits  of  acidity  they  tried.  Addi- 
tion of  caseinogen,  crystallised  serum  albumin,  or  albumose  (Witte's  peptone), 
caused  migration  more  or  less  to  the  cathode.  The  pepsin  was  in  fact 
carried  by  the  albumin,  etc.  They  were  of  opinion  that  the  value  5-5  x  10"^ 
fountl  by  Michaelis  and  Davidsohu  [1910]  for  the  i.P.  of  pepsin  was  not  reliable. 

In  the  present  case  the  lysin  is  mixed  with,  at  any  rate,  one  other  protein 
aubsUmco  which  (locks  out  at  a  definite  [H].  It  is  difficult  to  say  whether 
the  Ivsin  also  flocks  out  at  its  i.p.  as  its  absolute  concentration  must  be 
extremely  small  and  at  10"  the  i.p.  apparently  nearly  coincides  with  that 
of  the  protein  imj)urity.  A  glance  at  Table  II,  No.  4,  shows  that  at  this 
point  there  is  no  movement  of  the  visible  particles  and  at  the  same  time 
the  solution  has  become  depleted  of  most  of  its  lysin.  We  may  here  have 
a  c<»ndition  of  things  where  the  lysin  and  visible  precipitate  have  opposite 
electric  charges  and  conse([uently  a  union  has  taken  place.  The  lysin  would 
then  presumably  move  with  the  precipitate.  If  this  were  so  this  boundary 
of  the  I.I',  or  rather  isoelectric  zone  of  the  lysin  would  be  rendered  obscure. 
When  however  the  sign  of  the  charge  of  the  lysin  changed,  the  two  bodies 
would  again  have  similar  charges  and  the  lysin  would  be  free  to  move  inde- 
pendently. Similar  ccmsiderations  apply  to  the  other  boundary  because 
the  visible  jiarticles  may  become  negatively  charged  before  the  lysin.  A 
rough  appro.ximation  to  an  isoelectric  zone  is  therefore  all  that  can  be  at- 
tained. If  we  take  this  zone  as  p^^  3-0  to  3-6  and  assume  that  the  geometric 
mean  represents  the  i.p.  then  this  will  be  the  arithmetic  mean  of  the  p^. 
values,   namely   />„.   3-3.   Therefore  approximately, 

Isoelectric  point  at  10"     7),,.   3-3. 
46°     p^^.   6-1. 

Thi.s  represents  a  large  decrease  in  acid  character  with  rise  of  temperature. 
It  is  interesting  to  attempt  a  determination  of  the  acid  and  basic  dissociation 
constants.  Michaelis  and  Menten  [1913J  have  devised  a  graphic  method  of 
obtaining  these  constants.     Using  the  velocity  constants  I  have  constructed 
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dissociation-residue  curves  but  find  that  they  do  not  correspond  with  any 
theoretical  curve,  the  steepness  being  much  greater.  The  action  of  the  H' 
and  OH'  cannot  be  one  of  simple  control  of  the  dissociation  of  the  lysin, 
but  they  must  also  take  part  in  the  destruction  by  heat.  It  is  impossible 
therefore  from  the  data  to  determine  the  dissociation  constants,  but  the 
I. p.,  where  H'  and  OH'  are  in  equal  numbers,  gives  us  a  measure  of  the  ratio 
of  acid  to  basic  constant. 

From  this  investigation  we  can  conclude  that  the  experiments  relating 
to  heat  destruction  are  in  favour  of  the  view  that  nasik  haemolysin  is  an 
ampholyte.  This  is  confirmed  by  the  cataphoresis  experiments.  I  must 
admit,  however,  that  the  presence  of  other  proteins  may  influence  the  results, 
at  any  rate  of  the  cataphoresis  experiments.  Similar  objections  may  be 
raised  to  the  whole  series  of  the  many  determinations  of  the  direction  of 
movement  in  an  electric  field  in  the  case  of  ferments,  which  have  been  investi- 
gated in  the  last  few  years,  and  it  is  quite  possible  that  all  these  results  will 
have  to  be  revised. 

Summary. 

1.  The  velocity  of  destruction  of  nasik  haemolysin  at  46-0°  is  at  a 
minimum  slightly  on  the  acid  side  of  the  neutral  point.  This  is  in  favour 
of  the  view  that  the  lysin  is  an  ampholyte  with  its  acid  dissociation  constant 
greater  than  its  basic,  and  the  point  of  minimum  destruction  is  the  isoelectric 
point.  The  anion  and  cation  are  therefore  thermolabile,  and  the  undis- 
sociated  molecules  not  so. 

2.  Cataphoresis  experiments  at  10°  confirm  this  view. 

3.  Approximate  values  for  the  isoelectric   points  are 

])^.   at   10  =3-3;     j^w   at  46   =6-1. 

This  decrease  of  acidity  with  rising  temperature  is  also  found  in  the  case 
of  simple  ampholytes,  but  to  a  smaller  extent. 

4.  Incidentally  a  criterion  is  given  for  the  anomalous  heat  destruction 
of  certain  haemolysins,  for  instance,  megatheriolysin,  namely,  that  the  process 
is  not  unimolecular  at  temperatures  where  the  velocity  of  destruction  de- 
creases with  rising  temperature,  but  it  can  be  shown  to  be  so  at  temperatures 
considerably  removed  where  the  velocity  of  destruction  follows  the  more 
ordinary  course  of  increase  with  rise  of  temperature. 
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absorption  spectrum  of  this  substance  was  accordingly  determined, 
and  it  was  found  that  absorption  commenced  at  the  line  2967  and 
extended  to  the  extreme  ultraviolet. 

Now  the  line  2967  is  the  last  line  that  permits  the  bacillus  to  grow 
when  exposed  to  the  influence  of  the  complete  spectrum  as  we  have 
above  pointed  out.  It  appears  then  that  that  region  of  the  spectrum 
which  is  responsible  for  the  bactericidal  effect  is  precisely  that  region 
that  is  absorbed  by  the  antigen.  It  was  still  bai'ely  possible  that  there 
existed  wave  lengths  that  while  being  absorbed  by  the  antigen  were 
bactericidal  but  not  capable  of  injuring  the  antigen.  This  was  a  bare 
possibility,  but  no  more. 

The  experiment  was  accordingly  made  of  exposing  an  emulsion  of 
bacilli  to  the  entire  radiation  of  a  quartz  lamp  through  the  (query)  pro- 
tective action  of  a  solution  of  the  antigen.  Thirty  rats  were  inoculated 
with  a  vaccine  prepared  in  this  manner,  the  exposure  varying  from  five 
to  20  minutes.  Subsequent  test  with  a  virulent  culture,  which  killed  all 
out  of  ten  controls,  also  killed  the  whole  of  the  30  inoculated  rats. 

It  is  concluded  from  these  experiments  that  the  bactericidal  and 
antigen  injuring  regions  of  the  spectrum  are  identical. 

I  wish  to  express  my  profound  sense  of  obligation  to  Dr  C.  J. 
Martin,  Director  of  the  Lister  Institute,  for  his  help  throughout  the 
entire  work  on  the  results  of  which  these  reports  are  based ;  also  to  my 
colleagues  on  the  staff  of  the  Lister  Institute,  most  of  whom  have  helped 
me  in  one  way  or  another  during  the  progress  of  the  investigation. 

^  At  this  point  Dr  Rowland's  investigations  were  interrupted  by  the  European  War. 
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LXXX.  OBSERVATIONS  ON  THE  LENGTH  OF  TIME  THAT 
FLEAS  {CERATOPHVLLUS  FASCIATUS)  CARRYING 
BACILLUS  PESTIS  IN  THEIR  ALIMENTARY  CANALS 
ARE  ABLE  TO  SURVIVE  IN  THE  ABSENCE  OF  A 
HOST  AND  RETAIN  THE  POWER  TO  RE-INFECT  WITH 
PLAGUH 

Bv  A.  W.  BACOT,  Entomologist,  Lister  Institute. 

N'kiuhitzki  (1004)  records  the  period  for  which  he  found  fleas  able 
to  carry  the  bacilli  and  re-infect  as  three  days. 

The  Commission  for  the  Investigation  of  Plague  in  India  (1906) 
found  that  in  their  experimental  godowns,  infection  conveyed  b}^  fleas 
might  take  place  21  days  after  the  flea  population  had  had  any 
opportunity  of  imbibing  infected  blood. 

Bacot  and  Martin  (1914)  found  that  infected  fleas  which  were 
regularly  fed  might  live  for  50  days  at  10^  C.  to  1.5^  C.  and  23  days  at 
27°  C.  and  remain  infected  at  death. 

Methods  employed  in  the  folloiuing  Experiment. 

Cages  similar  to  those  used  in  the  Indian  investigation  (see  Report, 
1906,  Journal  of  Hygiene,  Vol.  vi.  p.  435)  and  also  by  Bacot  and  Martin 
(Reix.rt  LXVII,  p.  429,  Plate  XXIV,  fig.  2,  Plague  Supplement,  Journal 
of  Hygiene,  1914),  aft»,'r  sterilization,  were  prepared  for  the  reception  of 
mice  and  then  stocked  with  100  to  300  fleas  (Ceratophyllus  fasciatus) 
which  ha/I  been  infected  by  allowing  them,  when  hungry,  to  feed  on 
p«-\st-infecte<l  mice  that  were  in  the  comatose  condition  that  immediately 
precedes  death".     By  delaying  the  fleas' opportunity  to  feed  until  this 

'  Three  attempts  were  made  to  infect  fleas  {Ceratophyllus  fasciatus  and  Xenopsylla 
ehfopit),  which  had  not  fed  previously,  on  mice  that  had  already  died  of  pest.  In  two  of 
the  three  canes  the  fleas  were  placed  with  the  mouse  within  an  hour  after  its  death. 
Subsequent  dissection  and  the  examination  of  stomach  smears  revealed  neither  blood  nor 
lymph,  nor  was  there  any  trace  of  bacilli,  although  in  each  instance  the  heart  blood  of  the 
mouse  showed  a  heavy  septicaemia.  Bugs  (Cimex  le.ctularius),  which  were  tried  at  the 
■ame  time,  also  gave  a  negative  result  as  regards  the  presence  of  bacteria,  but  it  is  not 
possible  to  state  definitely  that  they  did  not  obtain  any  fluid  at  all  from  the  bodies,  owing 
to  the  fact  that  the  gut  of  bugs  which  have  been  starved  for  considerable  periods  generally 
contains  some  remnants  of  a  previous  meal. 
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acute  stage  of  the  disease  it  was  found  possible  to  infect  a  much  higher 
percentage  than  was  otherwise  possible.  Samples  of  each  batch  were 
dissected  and  smears  made  from  their  stomachs  showed  on  microscopic 
examination  that  from  65  ""/,  to  80  ^/^  of  the  sample  fleas  canned 
B.  2)estis. 

After  stocking  the  cages  they  were  tested  by  placing  two  or  three 
healthy  mice  in  each.  In  all  but  two  of  the  cases  (Xos.  1  and  8)  these 
mice  died  of  typical  pest.  In  the  great  majority  of  cases  one  or  both  of 
the  glands  on  the  groin  were  infected,  less  frequently  one  or  both  of  the 
axillary  glands  were  also  involved,  and,  in  very  few  cases,  the  axillary 
glands  only  were  infected. 

The  spleen  was  in  every  case  infected,  usually  heavily,  and  blood 
from  the  heart  always  showed  some  bacilli,  the  degree  of  septicaemia 
being  generally  marked. 

As  regards  cages  Nos.  1  and  8,  no  infection  occurred  within  the 
usual  period  of  three  to  five  days,  and  the  mice  were  removed  and 
killed  under  ether.  After  the  animals  (dead  or  living)  had  been 
removed,  the  cages  were  covered  with  waxed  cloth  in  order  to  check 
drjring  as  far  as  possible,  and  then  stored  in  a  cool  situation — the 
temperature  varj^ing  from  35°  F.  to  60°  F.  with  a  mean  of  about  45°  F. 
or  47°  F. 

When  the  desired  period  had  elapsed  the  waxed  cloth  cover  was 
removed  and  two  healthy  mice  added  to  each  casre. 

The  following  table  shows  that  cages  Nos.  2,  3  and  8  remained 
infective  for  29,  34  and  47  days  respectively. 


Xo.  of 
Cage 

Result  of 
Preliminary  Test 

Period  for  which  the  Cages 

were  stored  without  any 

host  for  the  Fleas 

Result 

1 

Mice  not  infected 

18  1 

days 

— 

2 

4  mice  died  of  pest 

29 

2  mice  died  of  pest,  1  within  4 
and  1  within  5  days 

3 
4 

3           „         „ 

34 
35 

1  mouse  died  of  pest  within 
3  days 

•5 

3            „         „ 

39 

— 

6 

3 

45 

— 

7 

3 

45 

— 

8 
9 

Mice  not  infected 
3  mice  died  of  pest 

47 
59 

1  mouse  died  of  pest  within 
24  days 

10 

1  mouse  died  of  pest 

68 

— 

11 

1  rat  and  1  mouse 
died  of  pest 

73 

— 

77'-'  Persistence  of  Flea  Infectivitu 

In  cages  Nos.  2  and  8  it  will  be  noted  that  the  fleas  had  an  oppor- 
tunity of  ingesting  infected  blood  after  the  initial  meal  which  infected 
them,  but  in  cage  No.  8  the  only  chance  of  feeding  afforded  them  after 
the  infecting  meal  was  on  healthy  mice,  which  showed  no  signs  of 
infection  up  to  the  time  of  their  removal  from  the  cage.  The  infection  of 
the  mice  in  cages  2  and  *3  must  have  taken  place  within  a  few  hours,  at 
most,  of  the  animals  being  placed  in  the  cages  after  a  lapse  of  29  and  34 
days  respectively.  In  cage  No.  8,  however,  there  must  have  been  an 
intiTval  of  about  20  days  before  the  mouse  was  infected  by  the  fleas  in 
the  cage.  The  records  of  the  preliminary  tests  of  the  cages  used  in 
these  experiments  show  that  the  period  between  the  ingestion  of  bacilli 
by  the  fleas  and  the  infection  of  a  new  host  may  be  as  short  as  three 
days — more  usually  it  is  longer,  seven,  nine  or  12  days.  It  is  of  some 
interest  to  note  in  this  connection  that  a  period  of  latency  in  the  develop- 
ment of  plague  among  rats  on  shipping  has  been  noticed  by  Dr  C.  Oswald 
Stallybrass,  who,  in  wTiting  me  commenting  on  the  subject,  supplies 
the  following  instances :  "  Two  cases  have  been  brought  to  my  notice 
within  a  month.  One,  a  vessel  from  River  Plate  on  which  a  small 
number  of  recently  dead  rats  were  found  about  five  weeks  after  it  had 
left  the  River  Plate.  In  the  second  the  ship  had  probably  been  infected 
not  later  than  the  29th  November,  while  five  rats  dead  of  plague  were 
found  in  one  limited  portion  of  the  ship  on  the  15th  January — nearly 
seven  weeks  later.  Two  of  the  rats  were  recently  dead  and  the  other 
three  less  than  ten  days  previously.  Apart  from  two  rats  apparently 
killed  by  the  dock  labourers,  no  other  dead  or  sick  rats  were  found  on 
the  ves.sel,  though  70  were  destroyed  by  fumigation ;  these  on  examina- 
tion proved  to  be  healthy." 

Conclusions. 

1.  Fletvs  (Ceratophyllus  fasciatus)  are  able  to  carry  Bacillus  pestis 
for  pericxls  up  to  47  days  in  the  absence  of  any  host  and  subsequently 
to  infect  a  mouse. 

2.  That  infected  fleas,  starved  for  47  days  and  then  placed  upon 
a  mouse,  may  not  infect  it  for  a  further  period  of  about  20  days. 

3.  There  is  no  reason  to  suppose  that  the  positive  results  obtained 
in  these  few  experiments  represent  the  limit  of  time  after  which  infec- 
tion may  take  place,  but  indicate  that  plague  infection  may  persist  in 
fleas  for  one  or  two  months  in  cool  weather  and,  subsequently,  give  rise 
to  an  epizootic. 
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LXXXI.     FURTHER  NOTES  ON  THE  MECHANISM  OF  THE 
TRANSMISSION   OF   PLAGUE   BY   FLEAS. 

By  a.  \N'.  BACOT,  Entomologist,  Lister  Institute. 

(With  Plates  XXXV  and  XXXVI  and  2  Text-figures.) 

Since  the  publication  of  the  paper  dealing  with  this  subject  (Bacot 
and  Martin,  1914)  further  material  in  the  form  of  longitudinal  serial 
sectiims  of  infected  fleas  has  passed  through  my  hands.  An  examination 
of  this  material  confirms  the  conclusions  already  arrived  at,  and  adds 
one  or  two  fresh  details  to  our  knowledge  of  the  subject. 

Text-figures  1  and  2  show  the  proventriculus  in  section  and  serve  to 
illustrate  the  action  of  the  opening  and  closing  of  the  valve  formed  by 
the  chitinized  spine-like  epithelial  cells.  When  at  rest  the  position  of 
the  spines  and  shape  of  the  organ  is  shown  in  fig.  1 — the  opening  into 
the  stomach  being  free  for  the  passage  of  blood.  On  the  contraction  of 
the  muscular  bands,  which  are  arranged  like  the  hoops  of  a  barrel,  the 


Fig.  1. 
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girth  of  the  proventriculus  is  constricted ;  the  organ  is  by  the  same 
action  elongated,  and  the  lumen  of  the  opening  into  the  stomach  is 
closed  against  the  outward  passage  of  blood  (fig.  2). 


Fig.  2. 

As  already  pointed  out,  it  is  the  lodgment  and  growth  of  the  bacilli 
among  the  spines  of  the  proventriculus  that  is  the  initial  stage  of  the 
blockage  which  during  a  subsequent  feeding-act  may  lead  to  regurgita- 
tion of  infected  blood  into  the  wound  caused  by  the  flea. 

From  the  later  sections  it  appears  quite  definite  that  in  the  first 
instance  the  block  may  be  of  a  quite  ephemeral  nature — a  second  stratum 
forming  in  front  of  the  first,  both  being  so  slight  as  to  be  depressed  by 
the  pressure  of  fresh  blood  entering  through  the  oesophagus.  When, 
finally,  the  process  develops  to  the  extreme  stage  shown  in  figure  4, 
Plate  XXV,  of  the  above-quoted  paper,  the  condition  is  not  necessarily 
fatal  to  the  flea.  The  section  of  a  specimen  of  Ceratophyllus  fasciatus, 
Plate  XXXV,  fig.  1,  shows  the  clearance  of  a  passage  through  the  centre 
of  such  a  plug.  The  rupture  of  the  obstructing  mass  does  not,  however, 
restore  the  lost  valvular  function  to  the  proventriculus,  but  merely  leaves 
a  passage  through  which  the  blood  can  flow  out  of  the  stomach  just  as 
freely  as  it  enters.  The  result,  as  is  shown  in  this  particular  specimen, 
is  that,  after  a  full  meal,  blood,  impregnated  with  bacteria,  extends  from 
the  posterior  portion  of  the  stomach  to  the  anterior  chamber  of  the 
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phnryngeal  pump.  In  this  concliti«»n  the  infection  of  any  animal  on 
which  thi'  riea  fed  woukl  seem  to  be  more,  rather  than  less,  likely  than 
in  the  case  of  a  Hea  in  which  the  proventriculus  is  completely  blocked. 
With  the  existence  of  a  patent  proventricular  valve  the  infected 
contents  of  the  stomach  may,  owing  to  the  peristaltic  contraction  of 
that  <»rg!in.  be  regiirgiUited  into  the  wound  on  the  cessation  of  the  suction 
of  the  phar}'ngeal  pump. 

Other  sections  show  fresh  unaltered  blood  in  the  sucking  tube  of 
bK)cked  Hejis,  indicating  that  there  is  sufficient  pressure  in  the  distended 
oesophagus  to  prevent  the  normal  clearance  of  the  tube  after  a  meal,  which 
should  take  place  owing  to  the  action  of  the  pump.  One  example  shows 
the  presence  (tf  a  ma-ssive  infection  of  such  fresh  blood  along  the  course  of 
the  oe.M^)phagus  to  the  pumping  chamber,  extending  well  down  into  the 
up|)er  third  of  the  sucking  tube  (see  Plate  XXXVI). 
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DESCRIPTION    OF    PLATES. 
Plate  XXX \'. 

Fig.  1  is  a  diagrammatic  representation  of  a  longitudinal  section  through  the  oesophagus 
(ot\,  proventriculus  {p),  and  stomach  («)  of  a  heavily  infected  specimen  of  Ceratopltyllus 
fateiuttu.  The  light  shaded  portion  shows  where  fresh  blood,  impregnated  with  free 
individuals  of  /;.  prstin.  is  present  in  the  specimen,  the  darker  shading  indicates  the 
solid  mass  of  bacteria  which  has  so  far  become  disintegrated  at  its  centre,  as  to  be 
ruptured  by  the  force  of  the  blood  pumped  into  the  oesophagus,  thus  allowing  the 
|)a8!iage  of  blood  to  the  stomach.  The  action  of  the  valve  is,  however,  inoperative, 
owing  to  the  solidity  of  the  mass  of  bacteria  in  which  the  spines  of  the  proventriculus 
are  embedded,      x  about  180. 

Fig.  2  shows  a  similar  representation  of  a  section  through  the  dissected  proventriculus 
and  oesophagus  of  a  specimen  of  C.fasciatus.  It  differs  from  fig.  1  in  that  the  lumen 
of  the  valve  is  still  obstructed  by  the  disintegrating  mass  of  an  old  plug  and  that  the 
growth  of  bacteria  surrounding  this,  which  is  of  more  recent  growth,  though  yielding 
to  the  pressure  of  the  fresh  blood  pumped  into  the  oesophagus,  has  not  yet  been 
ruptured,      x  about  1>0. 

Plate  XXXVI. 

LoDgitadinal  section  of  head  and  thorax  of  a  blocked  specimen  of  Ceratophyllus  fasciatus. 
X  about  250. 

h.,  arrauK'ement  of  chitinous  and  soft  integument  in  juxtaposition,  forming  a  hinge  which 
allows  of  the  free  ventro-dorsal  movement  of  the  sucking  tube,     m.p.p.,  muscles  of 
pharyngeal  pump.     m.».p.,  muscles  of  saUvary  pump,     oe.,  oesophagus  containing  a 
mixture  of  blood  and  baciUi.     p.,  proboscis  or  sucking  tube.     «.d.,  salivary  duct. 
^'oTE.— The  bacilli  are  better  seen  with  the  aid  of  a  reading  lens. 
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LXXXII.  NOTES  ON  THE  DEVELOPMENT  OF  BACILLUS 
PESTIS  IN  BUGS  {GIMEX  LECTULARIUS)  AND  THEIR 
POWER  TO  CONVEY  INFECTION. 

By  a.  W.  BACOT, 

Entomologist  to  the  Lister  Institute  of  Preventive  Medicine. 

(With  Plates  XXXVII  and  XXXVIII  and  1  Text-figure.) 
Introduction. 

Verjbitzki  (1904)  was  quite  successful  in  his  attempts  to  infect 
gainea-pigs  by  the  bites  of  bugs  (Cimex  lectularius)  which  had  previously 
been  allowed  to  feed  on  animals  that  were  dying  of  plague. 

He  found  that  allowing  the  insects  to  feed  on  the  ear  was  more 
effective  than  letting  them  bite  the  leg ;  while,  apart  from  situation,  the 
virulence  of  the  strain  which  killed  the  animals  on  which  the  bugs  were 
fed  was  the  crucial  factor. 

When  the  virulence  was  low  there  were  no  deaths,  but,  with  a  higher 
virulence,  deaths  occurred  and  the  percentage  of  animals  dying  increased 
with  the  virulence  of  the  strain  of  B.  pestis  used.  Bugs  that  had  been 
starved  for  longer  or  shorter  periods  were  used,  and  it  was  discovered 
that  the  longer  the  period  of  starvation  prior  to  the  infected  meal,  the 
longer  the  period  that  the  bacilli  could  be  recovered  from  the  bug.  The 
longest  time  after  infection  that  B.  pestis  could  be  recovered  by  culture 
was  eight  days,  but  the  longest  period  after  infection  that  the  disease 
could  be  conveyed  by  bite  was  five  days.  The  smallest  number  of 
infected  bugs  used  successfully  to  convey  infection  was  three.  The 
same  batch  of  infected  bugs  was  able  to  transmit  the  disease  to  two 
batches  of  animals  on  successive  days,  but  failed  on  the  third  occasion. 

Nuttall  (1899 — 1900)  tried  on  four  occasions  to  convey  the  disease 
to  mice  by  means  of  infected  bugs,  but  failed  on  each  occasion.  He 
was  able  to  recover  B.  pestis  from  the  body  of  bugs  five  days  after 
the  infected  meal. 
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Jordansky  and  KKKlnitskv  (1908)  found  that  attempts  to  convey 
plague  by  allowing  bugs  to  feed  on  a  mouse  sick  of  the  disease,  and 
before  they  were  satisfied  removing  them  to  a  healthy  mouse,  failed. 
Thi'y  nutoil  that  the  number  of  bacilli  in  the  bug's  stomach  increased 
fronl  the  third  to  the  sixth  day  after  the  infected  meal.  On  the  tenth 
day  involution  forms  appeared,  and  subsequently,  although  the  bacilli 
(lisjipiK'aretl  from  view,  they  were  recoverable  by  culture  after  35  days. 

Jordansky  and  Klodnitsky  (1910)  stated  that,  of  13  bugs  fed  on 
a  pest  infected  mouse,  two  survived  for  83  days  and  were  then  fed  on  a 
hwilthy  animal.  Five  days  later  B.  pestis  was  demonstrated  in  the  bugs 
both  by  microscope  and  culture. 

The  following  notes  are  the  outcome  of  some  rather  desultory  work 
that  was  performed  as  time  and  opportunity  permitted  during  the  course 
of  a  more  systematic  research  concerning  the  transference  of  pest 
by  tleas. 

Methods. 

Bugs  {Cimex  lectularius)  were  infected  by  allowing  them  to  feed  on 
mice  that  were  in  the  comatose  condition  that  immediately  precedes 
death  from  plague.  In  attempting  to  reconvey  the  disease  to  mice  by 
allowing  the  bugs  to  feed  on  them,  it  was  found  that  active  healthy 
mice  eat  the  bugs  unless  some  provision  is  made  to  afford  the  insects 
cover  from  their  attacks.  Mice  can  of  course  be  bound,  but  they  are 
restless  in  this  condition  and  it  was  especially  desired  to  allow  the  bugs 
a  chance  of  undisturbed  feeding  while  the  mice  slept.  The  usual  points 
of  attack  are  apparently  the  ears,  tail  or  feet.  A  simple  method  of  over- 
coming the  difficulty  is  to  bore  a  one  inch  hole  in  a  wooden  block  some  three 
or  more  inches  long  and  then  to  make  a  number  of  saw  cuts  in  the  block 
.so  as  to  penetrate  into  the  hole.  A  suitable  tube  can  be  arranged  by 
cutting  the  bases  off  two  solid  wooden  postal  blocks,  such  as  are  used  for 
desj)atching  specimen  tubes,  and  then  nailing  them  together  at  right 
angles  (fig.  1). 

Unfortunately  this  plan  was  not  devised  until  after  such  infection 
experiments  as  the  time  at  my  disposal  allowed  for,  had  been  carried 
out.  The  methofl  was  found  to  be  successful,  however,  in  so  far  as  by 
its  a/loption  it  was  found  possible  for  bugs  to  be  kept  with  active  mice  in 
a  cage  suitable  for  infection  experiments,  and  to  feed  freely  upon  them. 
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The  effect  of  infected  blood  upon  the  bugs. 

Bugs  in  their  first  instar  as  well  as  older  larvae,  nymphs  and  adults, 
were  infected.  The  infected  blood  was  the  apparent  cause  of  consider- 
able mortality  among  the  insects ;  especially  was  this  the  case  with  the 
first  instar  laj'vae\ 
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Fig.  1. 

Twenty  young  bugs  that  had  hatched  a  week  or  two  previously  were 
allowed  to  make  their  first  meal  on  an  infected  mouse.  Most  of  them 
fed  to  their  full  extent.  After  feeding  they  were  placed  in  an  entomo- 
logical glass-bottomed  card  box  and  kept  in  a  dry  cupboard  at  60 — 69"  F. 
Two,  which  appeared  to  be  injured,  died  the  day  following  their  meal, 

1  To  avoid  any  confusion  I'  must  explain  that  the  conditions  under  which  bugs  are 
kept  after  a  full  meal  are  important,  even  if  the  food  be  normal  human  blood.  Placed  at 
the  bottom  of  a  glass  tube  in  a  cool,  moist  situation,  there  was  considerable  mortality  in 
my  experience,  whereas  control  insects  kept  in  card  boxes  in  a  dryer  and  warmer  situation 
showed  no  deaths.  Young  (first  instar)  bugs  are  more  delicate  in  this  respect  than  older 
larvae,  nymphs  or  adults. 

Journ.  of  Hyg.  50 


JHO  Ihri'huniiiitt  r//' liacillus  Pt^tis  in  Buys 

and  an  examination  <»f  tlu'  blutxl  in  thi-ir  stomachs  showed  that  it  was 
heavily  infected  with  B.  pestis. 

Three  moulted  fourihiys  after  f■eedin>,^  and  then  died;  thirteen  which 
had  not  moulted  after  seven  days,  were  found  lying  at  the  bottom  of  the 
l>o.\,  either  recently  dead  or  paralyzed.  The  two  remaining  did  not 
moult,  and  were  still  activi'  on  the  eighth  day,  but  were  found  in  the 
s;ime  paraly/ed  condition  as  the  others  on  the  tenth  day. 

As  reganis  external  appearances,  thi'  only  unusual  feature  noticeable 
HI  these  young  luigs  and  the  older  <»nes  which  died  in  a  similar  paralyzed 
condition,  after  full  meals  of  infected  blood,  was  their  failure  to  reduce 
their  bulk,  a  process  which  is  noiinally  noticeable  in  healthy  specimens 
within  a  few  hours  after  a  full  meal.  In  this  respect  their  symptoms 
are  similar  to  those  which  accompany  the  death  of  normally  fed  bugs 
which  have  been  kept  in  too  cool  and  moist  a  situation  after  a 
full  meal. 

Smeai-s  of  the  stomach  contents  of  infected  bugs  made  at  various 
periods  after  the  infected  meal  show  the  following  appearances.  In  the 
majoiity  of  the  cases  the  specimens  were  paralyzed  or  dying  at  the  time 
they  were  dissected.  In  only  a  few  instances  were  healthy  or  definitely 
(lead  insects  used,  but  the  actual  condition  of  the  insects  at  the  time  of 
making  the  preparation  made  no  apparent  difference. 


ST().M.\(  11    CONTENTS   TREATED   AS    BLOOD   SMEARS. 

{Staiiui  It  and — Lei«hman  or  Carhul-Thiunin.) 

iViio'l  and  trniperature 
l»«tween  iuft-ctiiiK  meal 

and  d.iitli  of  liuu  Kemaiks 

1  day  at  about  65    F. 

Some  .Ifirgc  l.iin.lar  sbiiniiig  bacilli  iircscnt,  but  the  infection  i.s  chiefly 
of  the  "yeiwt"  like  fonns  photographed  by  Dr  Rowland  (1914)  in  his 
recent  pai)cr  on  "The  Moqiholog}'  of  the  Plague  BaciUus,"  fig.s.  16  and  17. 
The  organisms  arc  generally  scattered  in  the  smear— there  is  no  clustering. 
Phagocytes  intact  and  numerous.     (1  specimen.) 

3  days  at  about  80   F. 

A  very  den.-se  growth  of  the  small  culture  form  (see  figs.  1  and  2  in 
Rowland's  i>ai)er).  No  "  Yea.st "  forms,  a  few  large  forms  and  many  smaller 
ones  show  bipjlar  sUining  ;  a  tendency  to  cluster  and  clump  is  noticeable. 
There  arc  liut  few  phagocytes  \-isible.     (2  specimens.) 
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3  days  at  60   F. 

Growth  much  less  dense  than  in  the  last — mostly  consisting  of  the 
"  Yeast "  foiTii  of  the  small  culture  form ;  a  few  large  bacilli,  which 
show  bipolar  stixining.  No  clustering.  A  slight  tendency  t^j  form  chains, 
but  this  does  not  progress  beyond  threes  and  fours  of  the  slender  tyi>e, 
phag(X;ytes  n<jt  numerous.     (1  specimen.) 

A  .second  specimen  shows  a  denser  gi-owth  with  the  phagocytes  more 
numerf)us.  A  third  agrees  with  the  second,  but  has  a  rather  more  varied 
assortment  of  form,  and  fewer  of  the  "Ye^i-st"  form. 

5  days  at  65"  F. 

This  differs  but  little  from  the  3-day  .specimens,  but  there  is  no  trace  of 
any  "  chain  "  tendency. 

5  days  at  32'  F. 

Bacteria  few  and  scattered;  all  large  form,  often  short  and  mostly 
showing  bipolai-  staining;  blood  appears  imaltered  in  structure.  (\ 
sj>ecimen.j 

5  days  at  80'  F. 

Verj-  numerous  "  Yea.st "  and  .short,  broad  bipolar  staining  types  ;  a  few 
very  long  and  broad  and  a  few  long  and  narrow,  both  bijxjlar  staining.  A 
very  noticeable  feature  are  the  clumps  of  unstainable  material,  presumabh- 
of  autolyzed  blood  and  iuistainal)le  liacteria.  Xo  clustering  of  the  staining 
forms.     (1  specimen.) 

7  days  at  65   F. 

Bacteria  very  mimeroits,  scattered,  of  the  "  Yeast  '  tyjie,  with  a  certain 
admixtm-e  of  large,  short  bipolar  staining  foi-ms,  and  in  one  specimen  a 
small  proportion  of  the  slender  bi[X)lar  fonns  also.  Phagocytes  are  present, 
but  the  .smeai*s  are  too  poor  to  allow  of  any  decision  as  to  their  condition. 
(4  siJecimens.) 

8  days  at  60—65'  F. 

Very  numerous,  the  gi-eater  portion  of  the  "Yeast"  form;  a  few  pairs 
of  the  slender  forms  set  end  to  end,  but  no  actual  chains.  There  is  also  a 
spi-inkling  of  the  large  bipolar  staining  fomis,  mostly  i-ather  stumpy.  Same 
tendency  to  clustering  is  noticciible,  but  no  actual  clumps.  Phagocytes  are 
present.     (4  specimens.) 

10  days  at  60—65   F. 

Large  clumps  c<jmpo.sed  of  autolyzed  blocjd,  and  masses  of  the  Ixjdies  of 
Ijacteria  which  do  not  stain  are  present.  Mixed  with  them  in  the  clumps, 
and  also  generalU-  distributed  throughout  the  .smear,  are  numerous  well- 
stained  forms,  mostly  of  the  "Yeast"'  tj'pe.  There  is  also  a  sprinkling  of 
large  bipolar  staining  bacilli,  for  the  most  part  rather  short.  The  general 
appearance  reminds  one  of  some  of  the  pha.ses  found  in  fleas,  with  the 
modification  that  recognizable  phagocytes  are  present  after  ten  days. 
(1  sjjecimen.) 

50—2 
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IVrioil  ami  uiiiiieiatiuc 

b«?tvret'n  inftrlin«  meal  , 

^uA  .U.Uh  of  l.u^.  Komark. 

10  days  at  60—65   F. 

\  ^KoxvX  siR'ciiuei.  shows  ueithor  the  chimps  of  avitolyzod  blood  nor  the 
,.oi.-.st.ii..ing  b.u■torii^  but  only  a  general  distribution  of  numerous  "  Yc^ist " 
forms  and  sumo  ot  her  tyiK>s.  The  general  appftirancc  is  very  diftcrent  Irom 
the  hust.  The  blood  has  apparently  been  but  little  altered-red  blood  cells 
.ind  i)hagooytes  being  pi-csent  in  numbers.     (1  specimen.) 

15  days  at  60  F. 

Tliis  bug  \vm\  only  had  a  small  meal.  The  stomach  contents  mostly 
consist  of  unsUiinable"  material— clusters  of  the  non-staining  bacteria  being 
mi.\ed  with  the  autolyzcd  blood.  A  very  few  and  widely  scattered  stained 
forms  aro  i)rc.sont  and  some  of  these  show  bipolar  staining.  No  phagocytes 
dis«ornible.     (1  s]M?cimen.) 

15  days  at  65-70  F. 

N'arious  .small  faintly  staining  forms  are  present,  mostly  short;  in 
many  cas&s  showing  bipolar  staining.  A  few  pairs  visible;  recognizable 
phagocytes  rare.     (1  sixscimen.) 

21  days  at  28—30"  F. 

I^ii-gc  bii»olar  forms,  many  dividing  and  a  few  short  chains.  The 
liacilli  few  and  scattered  ;  the  blood  apparently  unaltered  structurally. 
,  1  Hj)ecimen.) 

21  days  at  65  F. 

NunuTc.us  l>uL  scattered,  fni-  the  most  part  small,  inclining  to  the 
''Ve^tst"  form,  but  .some  bipolars  of  small  size  arc  present.  Phagocytes 
>till  easily  rccogniaible. 

60  days  at  80"  F. 

'i'lii'  smcur  shows  iiLusses  of  small  coccus-shaped  bodies  embedded  in 
the  aMt<ilyzo<l  matU-r  of  which  the  smear  is  made.  These  bodies  are  not 
very  sharj)  in  outline  and  arc  usually  unstained  and  of  a  dull  greenish  hue. 
I  have,  however,  cornc  across  one  or  two  small  groups  of  similar  bodies 
which  arc  faintly  .staiiied.  When  compared  with  definite  pest  smears,  one 
hesitates,  in  spite  (»f  the  wide  variation  of  li.pestis,  to  say  that  these  minute 
and  indistinct  Ixidics  are  pest  bacteria,  nevertheless  I  suspect  this  to  be  the 
ra.>*«'  and  look  \\\}i>n  them  as  the  dead  or  degenerate  remains  of  a  starved 
culture.     (1  specimen.)     In  this  connection  note  the  following  example. 

A  bug  that  had  fed  on  a  mouse  dying  of  pest  was  then  fed  at  intervals 
of  3,  7,  IH  and  19  days  on  a  normal  rat,  which  did  not  contract  the 
di.sea>ie.  The  bug  died  on  the  40th  day  after  the  infected  meals.  The 
l«act«ria  pre.sent  in  the  stomach  smear  are  very  numerous  and  much  smaller 
than  those  in  the  other  smears,  in  some  cases  they  are  as  minute  as  the 
l^xJies  in  the  la.st  s|)ecimen  referred  to  above.     In  shape  they  are  mostly  of 
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either  the  "  Culture  "  or  ''  Ycii.st '"  forms,  but  othei-s  still,  if  unusually  small, 
are  of  the  slender  type  ari-anged  in  twos  and  threes.  A  few  of  the  normal 
blood  forms  showing  bipolar  staining  are  present — these  also  being  very 
small  in  comparison  with  similar  forms  on  other  smears.  All  of  these 
types  stain  more  heavily  than  usual.  Red  blood  cells  and  phagoc}i:&s  are 
numeroiLs  and  easily  discernible,  but  the  former  appejir  in  ]X)ov  condition 
— being  much  distorted  in  shape. 

It  will  be  seen  that  the  characteristic  form  of  B.  pestis  in  these 
.smears  is  that  which  Rowland  (19] 4)  has  termed  "Yeast"  like  forms 
and  of  which  he  shows  two  photographs,  figs.  16  and  17.  Speaking 
from  memory,  I  do  not  recollect  to  have  found  this  form  in  preparations 
of  the  fleas'  stomachs,  certainly  it  was  never  a  distinctive  feature  as  it 
is  in  the  bug.  As  was  to  be  expected,  the  number  of  bacteria  present 
is  to  a  considerable  extent  dependent  on  the  period  and  temperature 
between  the  infected  meal  and  the  death  of  the  bug.  But,  apart  from 
this  general  result,  to  which  there  are  some  exceptions,  it  does  not  seem 
possible  to  draw  any  very  definite  conclusion  as  to  the  relationship 
between  temperature  or  period  and  the  type  of  B.  pestis  present  or  the 
development  of  the  growth.  There  is,  however,  as  in  the  flea,  a  definite 
a.ssociation  between  the  presence  of  unstainable  bacteria  and  dark 
autolyzed  material ;  also  a  suggestion  that  agglomerated  growth  may  be 
associated  with  the  destiniction  of  the  blood  cells. 

A  clear,  colourless  fluid  present  in  the  rectum  of  many  of  the  first 
instar  bugs  which  were  killed  or  paralyzed  as  the  result  of  the  infected 
meal,  was  squeezed  out  prior  to  the  rupture  of  the  crop.  This  showed 
no  trace  of  B.  pestis  on  microscopic  examination. 

Sections. 

The  bugs,  after  fixation,  were  embedded  in  clove  oil  celloidin  and 
parafiin  (an  adaptation  of  Entz's  method.  Arch.  Protistenk,  XV.  1909, 
p.  08),  and  then  stained  with  Haematoxylin  and  Eosin  for  tissues  and 
blood,  subsequently  with  Carbol-Thionin  for  the  bacilli. 
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SECTIONS   OF   PEST   INFECTED    BUGS. 

{.Staiueil  //a>'nuUo.vi/lin,   Eoi^ix   and  (' arhol-thionin .) 

Period  and  tempemtun^ 
betwet-n  infectinc  meal 

and  deatli  i)f  hiig  Eemarks 

1  day  at  60—65   F.    (PI.  XXXVII,  fig.  1.) 

'I'raiisvoi-sc  about  the  middle  of  crop  (bug  in  first  instar),  x  180.  The 
infoc-tion  i.s  not  generally  ditiiised  ;  it  appears  to  be  of  a  stratified  nature, 
but  with  many  small  detached  colonies.  The  dorsal  area  is  decidedly  freer 
than  tlie  ventral,  suggesting  a  gravitational  effect  which  is  not,  however, 
consistently  lK>rne  out,  as  there  is  one  large  wave  of  infected  blood  in  the 
dorsjil  ai-ea  which  comes  in  contact  with  the  upper  wall  of  the  crop.  There 
is  a  very  definite  association  of  the  phagocytes  in  the  blood  with  the 
l>acteria,  quite  apart  from  any  gravitational  process.  The  growth  of  the 
bacilli  must  have  l»een  very  rapid  to  have  progressed  to  such  an  extent  in 
^4  hours.  Many  of  the  sections  show  cui-iously  sharp  lines  of  demarcation 
l>etween  the  mas.ses  of  infected  and  luiiufected  blood.  A  belt  of  normal 
bl<MMl  nf  remarkably  even  thickness,  coming  between  a  less  regular  one, 
caming  a  ma.ss  of  bacteria  and  phagocytes,  and  the  wall  of  the  cr<)p  may 
Ik>  ob.served.     Tiie  division  is  as  sharp  as  if  a  line  had  been  drawn. 

With  a  1;  1'2"  oil  innnension  lens  (PI.  XXXVIl,  fig.  -I)  the  bacilli  are  seen  to 
be  all  of  the  culture  form  and  the  higher  magnification  also  reveals  numerous 
darkly  sUiining  ])odies  of  varying  sizes,  larger  than  a  l)acterium  and  smaller 
than  a  red  bliMKi  cell.  From  the  almost  invariable  association  of  the.se 
iKirtides  with  infected  areas  where  i)hag()cytes  are  present,  it  would  seem 
definite  that  they  are  not  normal  to  the  blood  or  fluids  of  the  laig's  stomach. 
A|)|)oarances  suggest  that  tlioy  are  fragments  of  I  he  nuclei  of  dead 
pliagocytes. 

2  days  at  60—65'^  F.    (Plate  XXXVIII.) 

Longitudinal  vertical  section  of  adult  bug.  The  crop  much  distended 
with  blood,  X  180.  The  central  area  shows  very  numerous  patches  of  a 
dii-ty  l)rown  colour  which  contrast  sharply  with  the  eosin  stained  blood. 
The.se  patches  vary  greatly  in  l)oth  size  and  shape  ;  towards  the  anterior 
end  of  the  croii  is  a  very  large  patch  of  this  description.  The  central  area 
of  this  patch  is  fragmentary  and  loo.se  in  character,  but  towards  its 
IKM-iphery  it  liecomes  very  dense  and  within  this  dense  belt  large  numbers 
of  phag<x;yte8  are  massed  together.  At  its  outer  margin  there  is  a  more  or 
Ies.s  broken  l)rightly  staining  fringe. 

With  the  1/12"  oil  immersion  lens  (PI.  XXXVII,  fig.  ?.)  the  dark  latches 
alK.ve  referred  to  are  all  found  to  be  vei-y  similar  in  character,  consisting 
of  nia.s.s«>s  of  small  un.st;xinal)le  bodies  which  by  their  numl>er  and  agree- 
ment in  shaiKj  1  take  to  l.e  bacteria  which  do  not  take  the  stain,  and 
fmgments  of  varied,  usually  large  size  and  irregular  shaped  (presumably 
auU.Iyzed)  bl(K,<l  cells  or  fragments  of  them.  At  the  periphery  of  these 
m;i.xse.s  there  is  a  more  or  less  l)rok(>n   fiinge  of  stained   bacilli.     Tliere 
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are  also  occasional,  small  patches  of  stained  bacilli  among  the  red 
blood  cells  quite  apart  from  the  masses  of  autolyzed  material.  The 
phagocytes  are  almost  invariably  confined  A\ithin  the  autolyzed  areas — the 
larger  and  presumably  less  recently  de%'eloped  being  disproportionally 
fovoured  in  this  respect ;  in  many  instances  they  appear  distorted  and 
fragmentary.  A  further  difference  between  the  very  large  and  the  smaller 
l)atches  is  that  the  ff)rmer  alone  show  a  degenerating  central  area.  The 
same  phenomena,  mentioned  in  the  account  of  the  first  specimen,  of 
sharp  lines  of  demarcation  tetween  infected  and  uninfected  areas  is 
apparent  in  this  specimen  as  well.  The  appearance  suggests  that  masses 
of  bacteria  had  developed  against  the  wall  of  the  CTop  until  they  had 
attained  some  cohesion  and  then  becoming  shifted,  uninfected  blood  had 
flowed  in  between  them  and  the  walls  of  the  crop.  In  this  .specimen  blood 
is  present  in  the  oesophagus  from  its  entrance  into  the  crop  forward  to  the 
posterior  end  of  the  pump.  A  few  stained  bacteria  are  to  be  oV)served 
in  the  tube  in  front  of  its  passage  through  the  brain. 
5  days  at  60 — 65   P. 

Longitudinal  vertical  section  of  adult  Ijug,  x  180.  The  development  in 
this  specimen  diflfers  verj'  greatly  from  that  iu  the  last.  The  red  cells  are 
very  distinct,  but  few  if  any  phagf)cytes  are  present  in  the  crop,  while  in 
place  of  the  stratified  appearance  after  the  one-day  infection  or  the  large 
autolyzed  clumps  in  the  last  specimen,  there  is  a  much  more  even  di.stribu- 
tion  of  small  patches  of  stained  bacilli  with  slender  ramifications.  The 
autolyzed  material  consists  of  generally  distributed  specks.  The  slender 
portions  of  the  stomach  behind  the  crop  and  the  gut,  however,  which  were 
more  or  less  empty  in  the  other  sjjecimens,  are  in  this  one  distended  with 
i)artially  digested  material.  Large  numliers  of  red  bl(jod  cells,  more  or  less 
perfect  in  outline,  are  present  in  both  tubes,  a  few  only  of  which  have  taken 
the  stain,  the  others  are  mere  outlines  of  the  .same  tint  as  the  remainder  of 
the  autolyzed  material. 

With  a  1/12"  immersion  lens  it  is  seen  that  this  unstained  material 
consists  of  what  are  probably  fragments  of  blood  cells  and  masses  of  un- 
stained bacteria,  with  a  few  well-stained  examples  among  them.  In  smaller 
areas  the  material  present  consists  of  masses  of  stained  bacilli  with  a 
smaller  admixture  of  unstainable  ones.  A  few  well-stained  but  distorted 
or  fragmentary  phagocytes  are  also  visible  in  the  lower  stomach. 

The  difference  between  this  and  the  last  specimen  in  fact  amounts  to 
the  segregation  of  the  phagocytes  and  larger  masses  of  autolyzed  material 
to  the  lower  portion  of  the  .stomach  and  gut  on  the  one  hand  and  their 
general  distribution  in  the  central  area  of  the  crop  on  the  other. 

It  seems  not  impossible  that  .such  a  result  might  follow  the  withdrawal 
of  blood  from  the  crop  to  the  lower  stomach,  as  no  doubt  the  central  area 
would  respond  to  suction  more  readily  than  the  outer  layers,  but  the  com- 
pleteness of  the  .segregation  of  the  leucocytes  arrived  at  in  this  specimen 
seems  hardly  credible  by  these  means  alone. 

This  .specimen  also  shows  blood  in  the  oesophagixs  and  the  po.sterior  end 
of  the  pumping  chamber.     There  are  a  few  liacilli  to  be  found  free  in  this 
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Period  and  temperature 
between  iiifectinf;  meal 

aud  death  of  buj?  Eemarks 

bltxxi,  wliile  in  the  folds  and  puckers  formed  hy  the  walls  of  the  oesophagus 

ftt  its  junction  with  the  pump,  lionso  clustei-s  are  to  be  seen  from  which 

small   dctiicheil   groups   of  l>acilli   ai-e   passing   out   through   the   nan-ow 

cntmncf  into  the  ptimp. 

8  days  at  60—65   F. 

Longitudinal  vertical  section  of  a  Hi-st  instar  bug;  x  180.  The  develop- 
ment in  this  s|>ecinien  consists  chiefly  of  a  large  infected  area  within  the 
crop,  in  addition  to  which  there  are  some  streaks  ramifying  from  this 
centre  with  small  detvched  patches.  The  lower,  tubular  portion  of  the 
stomach  cont'iins  lai-ge  masses  of  partially  digested  blood,  which  has  not 
stained,  while  the  contents  of  the  crop  at  the  jjosterior  angle  look  dense 
and  are  of  a  yellowish  colour.  The  leucocytes  are  as  usual  almost  all 
crowded  intf>  the  infected  area. 

With  the  1/12"  imniei-sion  lens  the  bacteria  are  seen  to  be  clustered 
within  the  central  are^i  and  other  infected  patches,  and  to  stain  vividly. 
The  siuQc  dark  .stiining  spots  previously  described  in  the  account  of  the 
first  s|>ecimen  (1  day)  are  present  withiu  the  large  infected  area.  Their 
appearance  in  this  specimen  Ijears  out  the  previously  made  suggestion  that 
they  are  fragments  of  the  nuclei  of  the  leucocytes.  The  yellowish  area  at 
the  extremity  of  the  cro])  seems  to  consist  of  clotted  blood ;  it  is  very  dense 
and  shows  no  structure,  while  the  bacilli  are  thickly  and  evenly  distriliuted, 
giving  the  [Kitcli  a  granular  appearance. 

The  autolyzeti  material  in  the  lowei-  portion  of  the  stomach  is  seen  to 
c-onsi.st  of  iiK.re  or  less  digested  blood,  mixed  with  large  clumps  of  unstained 
liactcria. 

A  wec<ind  sjiccimen,  cut  /torizontally,  shows  a  much  weaker  infection  in 
the  crop,  but  the  jKjsterior  portion  of  the  stomach,  or  a  fold  of  the  intestine 
is  clos«-ly  packed  with  a  dense  mass  of  vividly  stained  bacilli,  the  unstained 
autolyzwl  material  U'ing  confined  to  a  small  central  portion  of  the  tube  in 
this  section.  This  is  by  far  the  densest  and,  presumably,  the  most  rapid 
growth  I  have  seen  in  the  bug  and  approaches  more  nearly  to  that  which 
occurs  in  the  laked  blood  within  the  stomach  of  the  flea  than  any  of  the 
si)ecimens  cut  as  sections  have  yet  shown. 

A  third  specimen,  n/t  transversely,  agrees  pretty  closely  with  the  1-day 
s|)ocimen  a.s  regards  the  development  within  the  crop,  but  the  tubular 
IKjrtion  nf  the  alimentary  system  is  seen  to  be  well  filled  with  unstained 
material.  With  the  1/12"  objective  this  latter  is  seen  to  consist  as  asual  of 
more  or  le-s.s  broken  down  blood  cells  and  dense  masses  of  unstained 
l>actcria. 

A  fourth  specimen,  cut  in  lowjitxidinal  vertical  direction,  agrees  closely 
with  the  hLst  in  resi>ect  of  the  d(;velopmcnt  of  the  infecting  growth.  It 
alMo  sh..ws  bl.HxJ  to  U^  pre.sent  in  the  pumping  chamber,  which  is  heavily 
infected  in  places. 
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34  days  at  60—65°  F. 

Longitudinal  vertical  section  of  a  nymph.  All  the  blood  in  the  crop 
has  been  broken  down,  and  there  are  no  signs  of  bacilli  in  it.  The  auto- 
lyzed  material  in  the  tubnlar  portion  of  the  alimentary  system  contains 
numbers  of  small  specks  which  differ  considerably  from  the  appearance  of 
the  unstained  bacteria  which  give  a  granular  appearance  in  the  definitely 
infected  bugs.  There  is,  of  coiu"se,  a  possibility  that  they  may  be  con- 
nected with  a  previous  growth  of  bacteria,  but  I  have  seen  very  similar 
objects  among  the  autolyzed  material  in  the  intestines  of  normally  fed 
bugs,  and  am  of  opinion  that  this  insect  was  not  infected  at  the  time  of 
death. 

74  days  at  60—65    F. 

Longitudinal  vertical  section  of  adult.  There  is  no  definite  evidence 
that  this  specimen  was  infected  when  it  died.  The  autolyzed  contents  of 
the  alimentary  canal  show  numbers  of  the  small  unstained  bodies  which 
are  possibly  the  remnants  of  bacteria,  but  beyond  the  fact  that  their  size 
and  distribution  are  more  fiivourable  to  this  view  than  in  the  last  (34-day 
specimen)  it  is  not  possil)le  to  go  with  safety. 


The  sections  do  not  give  such  clear  details  of  the  character  of  the 
individual  bacilli  as  do  smears,  for  the  following  reasons,  among  others : 
(1)  Dehydration  causes  the  bacteria  to  shrink  whereas,  in  a  smear, 
shrinkage  is  prevented ;  (2)  The  sections  are  rather  thick  (about  5  or 
0  [Jb) ;  (3)  The  bacilli  are  thickly  clustered  together ;  (4)  The  staining, 
Haematoxylin  and  Thionin,  is  not  very  distinctive. 

In  all  but  the  last  two  specimens  dealt  with  (34  days  and  74  days) 
the  presence  of  unstained  bacteria  among  the  autolyzed  material  in  the 
gut  can  be  definitely  determined,  but  with  regard  to  these  last  there  is 
considerable  doubt,  as  the  small  dark  bodies  present  approach  more 
nearly  to  those  seen  among  the  detritus  in  the  intestines  of  normally 
fed  specimens  of  Cimex  lectularius  and  hirundinis. 

The  points  of  most  general  interest  appear  to  be  the  very  definite 
association  between  the  leucocytes  and  the  bacteria.  That  this  is  due 
to  the  initiative  of  the  leucocytes  after  the  blood  has  been  ingested, 
would  seem  to  follow  from  the  foct  that  they  are  massed  within  the 
largest  and,  presumably,  oldest  colonies,  out  of  all  proportion  to  the 
entire  area  infected ;  that  is  taking  the  smaller  and  scattered  masses 
of  bacilli  into  account  as  well  as  the  large  masses  which  are  usually  very 
few  in  comparison  with  the  former. 
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Anothi'i-  iiiterosting  foaturo  is  tlio  striking  differences  of  develop- 
ment that  generally  obtain  in  the  bug  from  that  found  in  the  flea.  In 
the  fornu'r,  growth  arises  and  tends  to  continue  as  isolated  colonies, 
\vhih>  in  the  flea  tlie  growth  speedily  loses  its  localized  form  and 
becomes  general,  often  filling  the  entire  stomach  with  a  cohesive  mass. 
It  seems  probabl."  that  this  divergence  is  due  to  the  speedy  breaking 
down  of  the  blood  which  takes  place  in  the  stomach  of  the  flea,  while  in 
the  bug  the  cellulai-  structure  of  the  blood  would  appear  to  be  present 
for  days  as  against  a  fraction  of  an  hour  or  so  in  the  flea.  As  regards 
the  various  phases  of  development  exhibited  by  different  bugs,  this  may 
be  in  large  measure  due  to  the  volitional  character  of  the  bug's  digestive 
apparatus.  Verjbitzki  called  attention  to  the  fjict  that  starved  bugs 
gave  a  ditierent  leaction  to  the  more  recently  fed  specimens ;  the  im- 
plication being  that  the  starved  insects  were  the  more  thrifty  in  the 
use  of  the  blood  that  they  had  ingested. 

The  general  appearance  of  the  specimens  suggests  that  growth  is  at 
fii-st  lapid,  but  afterwards  slows  down  and  loses  its  vigour  as  it  spreads 
outwards,  leaving  an  exhausted  area  within  the  growing  fringe,  much  as 
the  small  toadstools  which  form  "fairy  i-ings  "  in  the  turf  are  stated 
to  do. 

There  arc  curious  diveigences  in  the  development  of  the  growth  of 
colonies  even  in  specimens  (^f  the  same  age  which  were  fed  on  the  same 
animal,  kept  und«'r  identical  conditions  f'oi'  the  same  period  and  then 
fixed  and  sectioned  under  at  one  and  the  .same  time.  Such  differences 
must  seemingly  rest  with  the  bug  itself  and  are  probably  due  to 
variati(tns  in  the  digestive  action  of  the  different  specimens. 

('(i.ses  of  iufecliun  fullowiny  the  bites  of  hags  carrying  B.  pestis. 

Only  on  two  occsisions  did  death  follow  from  the  bite  of  infected 
bugs  and  there  was  one  doubtful  ca.se  of  infection  when  a  rat  fell  sick 
and  showed  some  of  the  symptoms  of  an  animal  suffering  from  pest,  but 
it  subs«'(juently  recovered. 

A  number  of  trials  were  made  with  two  separate  batches  of  infected 
bugs  each  consisting  of  larvae,  nymphs  and  adidts.  The  insects  were 
kept  in  gla.ss  tubes  and  allowed  to  feed  through  a  gauze  covering  on  the 
shaved  {ilMiumen  of  the  rat — the  gauze  cover  being  changed  before  each 
experiment.  A  number  of  rats  were  tried  and  the  insects  were  in  most 
cjuses  allowed  to  k-itd  on  the  same  rat  on  .several  occasions.  The  result, 
as  stated  above,  was  one  death,  and  one  possibly  infected  rat  which  did 
not  die,  out  of  seven  oi-  eight  rats. 
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The  other  experiment  which  gave  a  positive  result  was  with  a 
mouse.  A  batch  of  bugs,  consisting  of  well-gi-own  larvae,  some  nymphs 
and  several  adults  were  fed  on  a  mouse  just  prior  to  its  death  from  pest. 
They  were  then  kept  in  a  card-sided  glass-bottomed  box  at  about 
60 — 65°  F.  without  further  opportunities  of  feeding.  From  this  stock 
were  drawn  a  number  of  the  examples  already  discussed  as  smears  or 
sections. 

The  survivors  died  otf  gradually  until  on  the  forty-eighth  day  there 
were  only  five  living  and  one  of  these  was  very  feeble.  These  five 
survivors  were  placed  in  a  deep  glass  jar  with  some  ci-umpled  filter  paper 
to  afford  them  foothold  and  cover  and  a  healthy  mouse  was  put  in.  On 
the  following  morning  only  one  of  the  bugs  could  be  found,  the  othere 
must  have  been  eaten  by  the  mouse,  but  the  sole  survivor  had  managed 
to  feed. 

Five  days  later  the  mouse  died  of  typical  pest.  The  glands  of  the 
right  gi'oin  and  axillae  were  both  infected,  while  smears  of  the  spleen  and 
heart  blood  also  contained  numbei-s  of  B.  j^estis.  Mice  inoculated  with 
the  organisms  recovered  from  the  liver  of  this  specimen  also  succumbed 
to  the  disease.  Although  a  number  of  attempts  were  made  to  feed  the 
surviving  bug  on  mice  and  the  ear  of  a  guinea-pig,  it  could  not 
be  induced  to  bite  and  was  killed  when  very  feeble  74  days  aftei-  its 
infected  meaP. 

Discussion  of  the  jMssible  mechanism  of  infection  hi/  bugs. 

The  marked  difference  in  the  development  of  B.  pestis  in  fleas  and 
bugs  is  probably  due  to  the  wide  divergence  in  their  structure  and 
habits.  The  digestive  processes  of  the  flea  result  in  a  rapid  destruction 
of  both  red  blood  cells  and  leucocytes,  leaving  the  contents  of  its  stomach 
very  much  in  the  condition  of  an  artificial  culture  media,  if  we  may 
judge  from  the  development  of  the  bacilli.  In  the  bug,  on  the  other 
hand,  the  crop  would  seem  to  serve  chiefly  as  a  reservoir  for  the  .storage 
of  food :  the  blood  within  it  remaining,  .so  far  as  structural  appearances 
go,  unaltered  for  days  after  its  ingestion.  Sections  show  this  organ  to 
act  mainly  as  a  simple  walled  sack.  At  its  posterior  end  only  does  the 
development  oi  the  epithelial  cells  suggest  that  any  digestive  process  is 
possible.  Whether  as  a  consequence  or  as  an  accompanying  phenomenon, 
the  conditions  within  the  crop  of  the  bug  do  not  favour  the  same  com- 
prehensive development  of  5.  pestis,  which  is  normal  in  the  flea. 

>  See  note  under  "Sections"  of  the  last  specimen  wliieii  was  i<illerl  anil  cut  74  days 
after  the  infecting  meal. 
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Behind  the  crop  in  the  long  tubular  portion  of  the  stomach  which 
continues  back  to  the  nialpighian  tubes,  digestion  is  very  evident  and  in 
this  area  occasionally  a  more  comprehensive  growth  takes  place.  As  a 
rule,  however,  the  digestive  process  seems  powerful  enough  and  suffi- 
ciently nipid  to  prt'vent  any  largi'  area  being  occupied  by  an  evenly 
staining  growth  of  B.  pestis. 

As  regards  structure  there  is  a  very  marked  difference  between  fleas 
and  bugs  ius  to  the  junction  of  the  oesophagus  and  stomach.  Bacot  and 
-Martin  (1!)14)  show  that  the  blocking  of  the  intricate  valvular  pro- 
ventriculus  of  the  flea  is  a  crucial  factor  in  the  mouth  transmission  of 
plague  by  these  insects.  With  the  bug  the  likelihood  of  any  such 
stopjKigt*  is  improbable.  The  large  flat  head  of  the  Gimex  lectularius 
acconnnotlates  a  nmch  more  powerful  pump  than  does  the  narrow 
latemlly  compressed  head  of  the  flea.  It  follows  that  the  relative  ratio 
of  the  pump  to  oesophagus  in  cross  section  is  very  different  in  the  two 
in.sects,  the  dimensions  of  pumping  chamber  in  the  bug  being  very 
many  times  that  of  the  short  tubular  oesophagus  through  which  the 
bloiKl  j)a.s.ses  into  the  crop.  In  conjunction  with  the  alimentary  sy.stem  of 
the  flea  that  of  the  bug  might  be  described  as  valveless.  Actually  the 
<K'sophagus,  as  seen  in  secti<jns,  is  found  to  be  thick-walled  with  a  folded 
and  puckered  inner  lining  which  gieatly  obstructs  the  lumen  of  the  tube. 
The  ap|>earance  picmises  gi-eat  capabilities  of  distension  or  extension 
und<T  stress  of  circumstances,  but  little  in  the  way  of  effective  control 
of  ;uiy  inward  oi-  outwaid  flow  of  blood,  while  I  have  been  unable  to 
tnice  any  muscles  or  musculai-  attachments  which  appear  capable  of  any 
c<»nstrictiv('  p(»wer.  The  action  of  the  ci-op  itself,  however,  as  it  Alls  and 
distends  in  all  directions  will  not  only  allow  of  the  shortening  of  the 
oesophagus,  but  may  finally,  as  it  pu.shes  forwards,  cause  the  oesophagus 
to  take  up  a  more  or  less  transverse  or  even  a  folded  position  which  may 
be  sufficiently  acute  to  close  the  tube.  Although  the  arrangement 
apjx-ars  to  be  slipshod  in  the  last  degi'ee,  the  pressure  of  the  blood 
within  the  crop  po.ssibly  proves  effectual  enough  in  preventing  egress  of 
the  contents  of  the  crop  in  practice.  If  it  is  less  perfect  from  a 
m.'chanical  point  of  view  than  the  valve  of  the  flea,  there  is  little 
danger  of  any  growth  of  B.  pestis  being  able  to  effect  a  stoppage. 

It  has  already  been  noted  in  the  descrijitions  of  the  sections  that 
B.  pestis  does  jvctually  rmdtiply  among  the  folds  of  the  lining  membrane 
of  the  oesophagus,  and  in  one  specimen  small  groups  were  to  be  seen  in 
the  act  of  passing  out  oi  the  narrow  entrance  into  the  pumping  chamber. 
'I'he  chances  of  any  direct  regurgitation  of  infected  blood  from  the  crop 
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into  the  wound  made  by  the  hug  when  feeding  are  lessened  owing  to 
the  disparity  in  size  between  the  oesophagus  and  the  pumping  chamber, 
as  it  is  necessary  that  the  latter  be  filled  before  any  regurgitation  can 
take  place. 

We  must,  however,  bear  in  mind  the  fact  that  when  a  bug  is  dis- 
turbed during  its  meal  that  it  will  feed  again  within  a  short  interval, 
and  it  seems  not  impossible  that  injected  bluud  might  at  the  moment  of 
inteiTuption  be  regurgitated  through  the  pump  and  washed  down  into 
the  wound  at  the  next  attempt  by  the  flow  of  saliva  which  enters  into 
the  pharynx  anterior  to  the  pump.  If  such  regurgitation  takes  place  the 
loose  character  of  the  colonies  within  the  crop  in  conjunction  with  the 
efficient  mixing  apparatus  afforded  by  a  powerful  pump  jerking  fluid 
through  a  narrow  tube  into  an  elastic  bag  would  seem  to  be  an  ideal  aid 
to  the  chances  of  a  sample  of  any  bacteria  present  in  the  crop  being 
mixed  with  the  regurgitated  fluid. 

This  explanation  is,  of  course,  mere  speculation,  but  there  seems  to 
be  no  doubt  that  the  infection  which  followed  Verjbitzky's  experiments 
was  due  to  regurgitation. 

In  the  cases  I  have  recorded  above  one  may  possibly  have  arisen 
owing  to  injury  to  a  bug  by  the  mouse  while  it  was  feeding,  but  in  the 
case  of  the  rat  it  must  have  been  due  to  simple  regurgitation. 

Rectal  infection  may,  I  think,  be  safely  dismissed,  owing  to  the  fact 
that  bugs,  as  pointed  out  by  Martin  (1913),  do  not  defaecate  during 
meals,  as  fleas  are  occasionally  known  to  do,  but  hurry  after  their  meal 
to  some  nook  or  cranny  to  digest  at  leisure. 

Cmichisions. 

(1)  That  for  a  percentage  of  bugs  {Gimex  lectularius)  and  probably 
all  newly  hatched  ones,  a  meal  of  septicaemic  blood  from  a  mouse  dying 
of  plague  is  fatal. 

(2)  Bugs  which  are  not  killed  by  the  infecting  meal  are  capable  of 
carrying  B.  pestis  and  reinfecting  mice  after  a  period  uf  48  days' 
starvation. 

(3)  The  development  of  B.  pestis  within  the  crop  of  bugs  differs 
generally  from  that  which  takes  place  in  the  stomach  of  the  flea  in 
respect  of  its  slower  and  looser  growth,  this  limitation  of  activity 
being  accompanied  by  and  possibly  due  to  the  preservation  of  the 
structural  character  of  the  blood  for  many  days  after  its  ingestion  into 
the  crop. 
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(4)  Thf  absonco  df  any  detinite  valve  between  the  pump  ami  the 
crop,  k»«;ethcr  with  the  looser  nature  of  the  growth  within  the  bug, 
preclude  the  idi'a  of  such  mechanical  blockage  as  causes  regurgita- 
tion and  mouth  infection  by  fleas.  It  may  be  surmised,  however,  that 
mouth  infection  when  not  caused  by  accidental  or  other  injury  to 
thf  bug  whilr  feeding,  m.iy  be  due  to  interruption  followed  by  a  second 
attempt. 
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EXPLANATION    OF    PLATES. 

Plate  XXXVII.  Fi^.  1.  Tians%'erse  section  through  middle  of  crop  of  bug  {Cimcx 
liitiiliiriiis)  in  first  iiistar.  Plague  infection.  1  day  at  60 — 65'^  F.  a.  Wall  of  crop. 
b     Infected  blood,     c.   Uninfected  blood,     d.    Phagocytes.     ( x  180.) 

Fig,  2.     Portion  of  Plate  XXXVII,  tig.  1.     a.    Wall  of  crop.     b.  Blood  infected 
with  plague  bacilli,     c.    Uninfected  blood,     d.    Phagocytes.     (  x  1000.) 

Fig.  3.    Portion  of  Plate  XXXVIII.    «.   Autolyzed   material  containing   bacilU. 
b.    Phagocytes,     r.    Uninfected  blood.     (xlOOO.) 

Plate  XXXVIII.  Longitudinal  vertical  section  of  adult  bug  [Cima.r  lectnlarim).  Plague 
infecti<jn.  2  days  at  60— 65"  F.  a.  Integument,  b.  Pharyngeal  muscles,  c.  Pharyn- 
geal pump.  d.  Oesophagus  filled  with  blood.  <-.  Crop.  /.  Ant.  cerebral  ganglion. 
;i.  Post,  cerebral  ganglion,  h.  Ventral  nerve  cord.  i.  Phagocytes  in  autolyzed 
blood.     (xl35.) 
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THE  FLEAS  FOUND  ON  RATS  AND  OTHER 
RODENTS,  LIVING  IN  ASSOCIATION  WITH 
IVIAN,  AND  TRAPPED  IN  THE  TOWNS,  VIL- 
LAGES AND   NILE   BOATS   OF   LTPPER  EGYPT. 

By    a.    BACOT, 
Entomologist,  Lister  Institute, 

GEORGE   F.    PETRIE, 
Assistant  Bacteriologist,  Lister  Institute, 

AND   CAPTAIN  RONALD    E.    TODD,    RA.M.C, 
Public  Health  Department,  Cairo. 

Description  of  Methods  of  Collection. 

The  collections  of  fleas  described  in  this  paper  were  made  during 
an  enquiry  into  the  plague  conditions  of  Upper  Egypt,  carried  out  in 
1912  and  1913  on  behalf  of  the  Egyptian  Government.  A¥ith  few 
exceptions  the  fleas  were  taken  from  rats  or  other  rodents  trapped 
either  in  the  native  houses  or  in  the  Nile  boats  (native  river  craft), 
which  were   infested  with  rats. 

The  method  of  trapping  was  as  follows  :  The  trap  used  was  the 
ordinary  \sire  cage  trap  with  two  compartments  separated  by  a  parti- 
tion into  which  fits  a  hinged  platform  with  counterweight  permitting 
ingress  of  the  rats,  but  preventing  their  escape.  The  traps  containing 
catches,  before  being  brought  from  the  houses  to  the  laboratory,  were 
enclosed  in  a  black  cloth  bag  to  lessen  the  risk  of  fleas  escaping.  At 
the  laboratory  the  bags  were  removed  and  the  traps  were  placed  in 
suitable  boxes  on  the  bottom  of  which  were  removable  metal  trays 
covered  with  white  wax-cloth.  Chloroform  was  poured  into  the  boxes 
in  order  to  kill  the  rats  and  fleas.  A  considerable  number  of  the  fleas 
were  found  to  have  dropped  from  the  rats  on  to  the  white  cloth,  and 
thus  could  be  easily  seen  and  collected.  The  chloroformed  rats  were 
thoroughly  searched  for  fleas  upon  a  table  covered  with  white  cloth. 
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The  most  extensive  collection  in  the  series  is  that  from  Assiut 
(245  miles  south  of  Cairo),  for  the  reason  that  in  this  town  trapping 
operations  were  carried  out  continuously  during  two  years.  With  the 
idea  that  the  flea  population  might  show  seasonal  variations  as  regards 
species  or  proportions  of  species,  collections  of  consecutive  periods  of 
two  or  three  months  were  kept  separate,  and  samples  from  each  lot 
have  been  examined,  without,  however,  reveaUng  any  seasonal  differ- 
ence. 

Comments  on  the  Localities  from  ivhicli  the  Fleas  icere  collected. 

The  localities  represented  extend  from  Cairo  to  Komombo,  an 
agricultural  estate  460  miles  south  of  Cairo,  and  26  miles  north  of 
Assuan,  and  are  indicated  upon  the  sketch  map  in  the  text  (p.  500). 

With  the  exception  of  Cairo  and  Komombo  the  towns  and  villages 
from  which  fleas  were  collected  may  be  regarded  as  typical  for  Upper 
Egypt  in  respect  of  the  housing  conditions.  Most  of  the  houses  in  an 
Upper  Egyptian  town  or  village  are  constructed  of  burnt  bricks  held 
together  chiefly  with  clay  (Nile  mud),  in  which,  when  dry,  rats  make 
their  burrows.  The  earth  foundations  of  the  walls  are  also  riddled  with 
rat  burrows.  As  a  result  rodents  infesting  houses  are  in  close  associa- 
tion with  the  human  inhabitants  and  with  their  domestic  animals,  e.g., 
dogs,  cats  and  fowls. 

The  conditions  in  the  quarters  in  Cairo  which  Welded  the  fleas  in 
our  collections  differ  from  the  above  description.  The  quarters  trapped 
were  the  Mousky — the  native  bazaar  quarter  in  the  centre  of  the  city, 
and  Boulac,  a  quarter  adjacent  to  the  Nile  and  opposite  to  the  island 
of  Ghezireh.  The  houses  in  these  quarters  and  in  Cairo  generally  are 
more  substantial  than  those  in  Upper  Egypt,  many  of  them  being  built 
of  limestone  from  the  neighbouring  hills. 

From  the  standpoint  of  rodent  and  flea  infestation  Komombo  is  of 
considerable  interest.  The  Komombo  estate  is  a  cultivated  area  of 
20,000  feddans  (acres),  scattered  over  which  are  a  number  (29)  of  small 
hamlets  each  with  an  average  population  of  about  500  persons.  The 
houses  are  built,  some  of  stone,  others  simply  of  dried  mud.  The 
whole  estate  is  of  very  recent  origin,  ha\'ing  been  developed  by  means 
of  irrigation  from  purely  desert  land  only  some  ten  or  twelve  years 
ago.  Arvicanthis  niloticus  and  Mus  norvegicus  are  found  in  the  houses 
and  in  the  fields,  but  Mus  rattus  and  Acomys  cahirinus  have  not  been 
met  with. 
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The  Xile  sailing  boats  (feluccas)  are  built  with  inner  and  outer 
planking  bolted  to  the  cross-ribs,  thus  providing  a  hollow  space  in 
which  the  rats  hve.  These  boats  carry  cargo — grain,  coal,  etc. — but 
also  passengers,  and  ply  up  and  down  the  Nile  from  Rosetta  and 
Daniietta  to  Assuan.  The  rodent  infestation  on  board  consists  chiefly 
of  Mus  norvegKus,  differing  in  this  respect  from  the  rodent  population 
ashore  (Komombo  excepted),  where  this  species  is,  in  our  experience, 
a  rare  inhabitant  of  houses. 

Meteorological  data  for  Cairo,  Assiut  and  Assuan  are  appended. 

TABLE    II. 

Mean  monthly  meteorological  observations  recorded  at  8  a.m.,  2  'p.m.  and 
8  p.m.  at  Gizeh  (Cairo),  for  the  years  1902-10,  Assiut  1900-1910  and 
Assuan  1901-1910. 

Mean  temperature  Centigrade. 

Jan.  Feb.  March  .\pril  May  .Tune  July  Aug.  Sept.  Oct.  Nov.  Dec. 

Gizeh  near        10-8  12-3  14-7  19-1  23-1  25-4  26-7  26-5  24-4  21-7  17-0  12-6 

Cairo 

Assiut               11-2  13-1  16-6  21-8  26-2  28-8  29-3  29-0  26-2  23-4  17-7  13-7 

Assuan              14-5  17-1  20-3  25-4  29-5  32-0  32-6  32-2  30-3  27-4  21-2  16-3 

Relative  humidity  (Saturation  100). 


Gizeh  near 

80 

72 

68 

60 

56 

57 

62 

67 

71 

75 

78 

82 

Cairo 

Assiut 

69 

63 

55 

43 

37 

36 

40 

45 

57 

62 

66 

66 

Assuan 

52 

45 

40 

34 

36 

34 

30 

30 

35 

38 

45 

49 

Determination  of  ike  Species. 

In  the  case  of  small  collections  every  individual  flea  in  the  tube 
was  separately  examined  under  a  compound  microscope,  but  of  the 
large  collections,  comprising  from  2000  to  10,000  fleas  in  a  single  tube, 
a  sample  only  was  examined.  These  samples  consisted  of  at  least  500, 
and  in  some  instances  of  1000  to  2000  specimens,  each  of  which  was 
identified.  The  number  of  specimens  noted  in  the  Tables  as  examined 
must  not  be  taken  as  affording  any  guide  to  the  relative  numbers 
captured  on  the  various  individual  hosts  mentioned,  nor  as  evidence 
of  a  seasonal  or  geographical  prevalence.     The  statistics  relating  to 

^  In  tabulating  our  results  we  have  followed  on  the  lines  laid  down  by  Chick  and 
Martin  (1911),  the  present  paper  forming  an  addendum  to  their  work  and  filling  the  gap 
caused  by  the  fact  that  there  were  no  figures  relating  to  Egyptian  fleas  available  at  the 
time  they  wrote. 
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this  side  of  the  research  are  in  course  of  arrangement  and  will  be  pub- 
lished later. 

We  take  this  opportunity  of  recording  our  thanks  to  Dr  Harriette 
Chick  for  assistance  with  the  earlier  consignments,  and  to  the  Hon. 
N.  Charles  Rothschild  for  his  kindness  in  checking  some  of  our  deter- 
minations of  species,  especially  in  regard  to  Xenopsylla  chephrenis  and 
A'.  cJeopatrae. 


Xo(es  on  the  Species  represented  in  the  Collections. 

Xenopsylla  cheopis,  as  was  to  be  expected,  makes  up  by  far  the 
greatest  bulk  of  the  collections  as  a  whole.  When  the  animals  from 
which  the  fleas  were  taken  were  trapped  on  land  the  percentage  of  this 
species  normally  present  varies  from  90  %  to  100  %. 

The  few  exceptions  to  this  general  rule  are  afforded  by  such  hosts  as 
Gerhillus  pyramidum,  a  specimen  caught  wild,  yielding  a  high  percentage 
of  Xenopsylla  cleopatrae,  a  species  of  hedgehog  which  showed  a  distinct 
preponderance  of  Ctenocephalus  felis,  a  weasel  carrying  Echidnophaga 
gallinaceus  and  Acomys  cahirinus  from  Cairo,  which  had  a  marked  in- 
festation of  Xenopsylla  chephrenis.  On  hosts  trapped  in  the  Nile  boats 
the  relative  numbers  of  X.  cheojris  dechned,  their  place  being  occupied 
by  Leptopsylla  musculi. 

Leptopsylla  musculi.  It  is  remarkable  how  dependent  the  occurrence 
of  this  species  in  the  collection  is  upon  the  trapping  of  rodents  from 
the  Nile  boats  (feluccas)  during  the  cooler  season  of  the  year. 

The  percentage  captured  upon  animals  in  dwellings  is  infinitesimal, 
whereas  in  the  collections  from  feluccas  it  sometimes  exceeds  that  of 
X.  cheopis,  rising  in  one  instance  to  85  %. 

It  is  no  easy  matter  to  disentangle  and  assess  correctly  the  various 
factors  which  may  contribute  to  this  result.  As  already  pointed  out 
in  our  remarks  on  localities,  M.  norvegicus  is  the  dominant  rodent  on 
the  Nile  boats. 

Further,  from  a  considerable  mass  of  data  relating  to  the  rat  and 
rat  flea  infestation  of  Lower  Egypt  collected  by  Professor  Bitter^  and 
Dr  Charles  Todd  of  the  Hygienic  Institute  in  Cairo,  it  would  appear 
that  M.  norvegicus  occurs  much  more  commonly  as  a  house-rat  in  Lower 
Egypt  than  in  Upper  Egypt,  and  also  that  L.  musculi  is  a  much  more 

^  We  desire  to  acknowledge  the  courtesy  of  Professor  Bitter  and  Dr  Charles  Todd  in 
permitting  us  the  privilege  of  becoming  acquainted  with  their  observations. 
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prevalent  species  of  flea  on  house-rats  in  Lower  Egypt  than  in  Upper 
Egypt. 

From  these  considerations  it  might  be  inferred  that  the  occurrence 
of  L.  musculi  and  of  M.  norvegicus  are  inter-related,  but  on  the  other 
hand  this  view  is  not  supported  by  any  evidence  that  L.  musculi 
favours  M.  norvegicus  rather  than  M.  rattus,  whether  the  animals  are 
trapped  in  feluccas  in  Upper  Egypt  or  in  the  native  dwellings  of  Lower 
Egypt. 

The  two  most  plausible  solutions  are  either  that  L.  musculi  is  a 
species  mainly  restricted  to  Lower  Egypt  and  that  the  feluccas  are 
infested  from  this  source  or  that  the  conditions  on  the  Nile  boats  are 
more  favourable  for  it  than  those  in  the  rat-nests  on  land  in  Upper 
Egypt. 

It  seems  definite,  however,  that  the  land  conditions  in  Upper  Egypt 
are  unfavourable  to  the  continued  existence  of  L.  musculi,  though 
whether  because  of  a  small  mouse  population,  or  owing  to  the  climatic 
conditions  or  for  some  other  reason,  is  not  clear. 

Ceratophyllus  is  represented  in  these  collections  by  three  specimens 
of  fasciatus,  all  taken  from  M.  norvegicus  trapped  on  feluccas  during 
the  first  half  of  the  year.  From  these  circumstances  and  the  fact  that 
the  species  is  present  in  small  numbers  on  rats  captured  in  Lower 
Egypt,  we  again  get  a  suggestion  of  importation  from  the  North,  but 
curiously  it  is  M.  rattus  which  carries  the  larger  number  of  specimens 
according  to  the  unpublished  data  we  have  been  privileged  to  see. 

Xenopsylla  cleopatrae  was  found  only  on  one  occasion,  the  host 
being  a  Gerbillus  pyramidum  captured  in  February,  1912,  at  Komombo. 
This  flea  would  appear  to  be  in  no  way  associated  with  the  usual  rodent 
population  of  inhabited  districts. 

Xenopsylla  chephrenis.  Of  the  265  specimens  of  this  flea  found  in 
these  collections,  by  far  the  larger  number  (221)  are  from  Cairo;  the 
remainder  (44  specimens)  were  captured  at  Assiut.  Of  these  latter  43 
were  on  Acomys  trapped  in  houses  and  one  from  a  M.  norvegicus, 
caught  on  a  Nile  boat  at  that  town.  The  distribution  on  the  hosts  of 
the  species  trapped  at  Cairo  is  also  significant;  204  of  the  fleas  being 
found  on  Acomys,  the  remaining  17  on  M.  rattus.     See  Table  II. 

Ctenocephalus  felis.  Of  the  genus  Ctenocephalus,  Ct.  felis  alone  is 
present  in  these  collections,  and  although  the  percentage  is  low  in 
comparison  with  that  of  Xenofsijlla  cheopis  or  Leptopsylla  musculi, 
the  actual  number  of  specimens  is  large  enough  to  justify  the  expecta- 
tion of  finding  Ct.  canis  also,  if  this  species  occurs  in  Egypt.     Probably, 
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as  in  other  tropical  countries,  Ct.  felis  does  duty  for  both  feline  and 
canine  animals  in  Upper  Egypt. 

Echidnophaga  gallinacea  is  rare  considering  the  probable  chances 
of  intercourse  between  rats  and  fowls. 

Pulex  irritans.  In  view  of  the  close  association  obtaining  between 
rats  and  man  under  the  conditions  in  which  a  large  section  of  the 
human  population  of  Egypt  live,  the  percentage  of  this  species  found  on 
trapped  rats  must  be  considered  as  extremely  small,  especially  as  human 
infestation  with  Pulex  irritans  is  sometimes  very  heavy  (Table  V). 

Sex  Proportions.  The  very  marked  discrepancy  between  the 
number  of  male  and  female  specimens  of  XenopsyUn  chephrenis  caused 
us  to  keep  a  record  of  the  sexes  of  other  species  in  the  tubes  that  had  not 
previously  been  examined  when  this  discrepancy  was  first  noted.  The 
results  set  forth  in  the  following  table  show"  that  some  difference  in  the 
proportion  of  the  sexes  is  also  present  in  X.  cheopis,  although  to  a 
much  sHghter  extent,  the  difference  only  amounting  to  7  %. 

TABLE   VI. 

Proportion  of  sexes  in  fleas  captured  on  Rats  and  other  Rodents,  and  on  Man. 


Species 

Number  examined 

Males 

Females 

Excess 

Xenopsylla  cheopis 

8498 

3948 

4550 

602 

(46-5  %) 

(53-5  %) 

(7  %) 

Xenopsylla  chephrenis 

259 

36 

223 

187 

(13-9  %) 

(86-1  0-^) 

(72-2  %) 

Pulex  irritans 

547 

329 

218 

111 

(60-1  %) 

(39-9  %) 

(20-2  %) 

As  the  numbers  dealt  with  in  arriving  at  this  conclusion  are  con- 
siderable, over  8000  specimens  from  18  parcels  collected  either  at  different 
seasons  or  in  separate  locahties,  it  is  probably  justifiable  to  suppose  that 
this  want  of  balance  is  general  and  implies  some  variation  in  the  habits 
of  the  sexes.  With  regard  to  X.  chephrenis,  although  the  number  of 
specimens  is  not  large,  the  discrepancy  is  so  striking  that  there  seems 
no  doubt  that  some  deep-seated  divergence  in  the  habit  of  the  sexes 
is  indicated.  The  explanation  we  would  suggest  is  that  the  males 
wait  in  the  nest  to  fertiUze  the  females  as  they  emerge  from  their 
cocoons,  while  the  instinct  of  the  female  is  to  attach  herself  more 
closely  to  the  host  and  feed  as  continuously  as  possible,  as  by  this 
procedure  egg  development  will  be  more  rapid,  and  the  chances  of 
founding  new  colonies  when  the  young  of  the  host  scatter  ^^^ll  be 
enhanced. 
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In  the  terms  of  such  a  theory  the  position  of  A',  cheopis  is  either 
that  of  a  species  in  which  the  ancestral  habit  (possibly  originating  in 
a  desert  habitat)  is  waning  with  its  adaptation  to  semi-domesticated 
hosts,  or,  which  seems  a  less  plausible  proposition,  that  X.  cJiephrenis 
is  developing  to  excess  the  ancestral  habits  of  the  group  which  are 
retained  by  A',  cheopis. 

In  the  case  of  P.  irritmis  it  is  doubtful  as  to  how  far  the  excess  of 
males  is  a  chance  phenomenon,  as  the  numbers,  w^hich  are  not  large, 
relate  to  two  parcels  only. 
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ANALYSIS     OF     THE     EFFECT     OF     NUCLEIN     AND 
NUCLEIC  ACID  ON  THE  NORMAL  ANTIBODY/ 

By  S.  Phillips  Bedson,  M.B.,  B.S.,  B.Sc,  British  Medical 
Research  Scholar. 

Froiii  tJte  Bacteriological  Lahoratomj,  Lister  Institute,  London,  S.  W, 

PART  I. 

The  fact  was  observed  some  years  ago  by  various  experimenters — 
Mikulicz  (190-41),  Miyake  (1904  -),  Eenner  (1905  ^) — that  an  increase 
in  the  natural  immunity  to  infection  frequently  followed  the  injection 
of  substances  of  the  class  of  nucleins  or  nucleo-proteins  derived  from 
tissues  or  bacterial  cells.  The  analysis  of  this  effect  on  natural 
immunity  has  not  yet  been  adequately  investigated.  It  was  thought 
at  first  that  this  enhanced  resistance  was  due  to  the  marked  leuco- 
cytosis  produced  by  these  substances,  but  more  recent  work  has  shown 
that  such  an  explanation  can  only  be  considered  as  incomplete,  in 
view  of  the  demonstration  of  actual  changes  in  the  amount  and 
character  of  the  normal  antibodies  of  the  serum. 

Thus  Hahn  (1897  ^)  showed  that  injections  of  a  yeast  nuclein  into 
dogs  produced  a  rise  in  the  bactericidal  power  of  the  blood  for  B.  coli, 
B.pyocaneus,a,n(i  Staphylococcus iJyogenes  aureus.  This  rise  was  most  marked 
five  hours  after  the  injection,  but  was  of  a  fleeting  character,  and  coincided 
with  the  stage  of  hyperleucocytosis.  Huggard  and  Morland  (1905  ^)  employing 
yeast  in  the  treatment  of  tuberculosis  (20  grms.  daily),  noted  a  rise  in  the 
opsonic  index  to  the  tubercle  bacillus.  They  found  that  this  rise,  which  was 
in  no  case  verj-  marked,  an  increase  of  0'62  in  the  index  being  the  greatest 
obtained,  followed  a  leucocytosis,  which  set  in  soon  after  administering  the 
yeast,  lasting  three  to  four  hours.  Ledingham  and  Bulloch  (1906'^)  went 
into  the  question  of  the  effect  of  leucocytosis-producing  substances  on  the 
opsonic  index,  and  concluded  that  nuclein  alone,  out  of  a  number  of  prepar- 
ations employed,  brought  about  a  rise  in  the  opsonic  index. 

At   the  suggestion    of   Dr.   Ledingham,  an   investigation   of    this 
act-ion  of  the  nucleins  and  nucleic  acid  was  undertaken  by  me,  with  a 

'  [Received  January  16,  1914.]  Communicated  to  tlie  Pathological  Society  of  Great 
Biitaiu  aud  Ireland,  January  9-10,  1914  (see  this  Journal,  vol.  xviii.  p.  416). 
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view  to  determiniu<4  what  effect,  if  any,  these  substances  have  on  the 
normally  occurring  immune  bodies,  and  with  the  hope  that  at  the 
same  time  by  working  with  the  simplest  forms  of  antigen  some  light 
might  be  thrown  on  antibody  response  in  general. 

Technique  of  Experiments. 

The  samples  of  blood  were  allowed  to  coagulate  at  room  temperature  for 
thirty  minutes,  ('entrifu,i;e  J,  and  the  serum  pijietted  off  immediately.  The  sera 
were  kept  in  the  cold  room  until  tho  opsonic  determination  was  made,  which 
was  generally  done  the  same  day  on  which  the  samples  were  taken. 

Washed  human  leucocytes  (.S.P.H)  were  employed  throughout,  and  an 
emulsion  of  a  sixteen  hours'  growth  of  Sfaphylococctts  pyogenes  aureus  at 
37°  C.  was  used  as  the  test  organism. 

Dilutions  of  the  serum  were  employed  in  most  cases.  The  mixture  of 
equal  parts  of  serum,  washed  leucocytes,  and  organisms  was  placed  in  the 
incubator  at  37°  C.  for  fifteen  minutes,  being  kept  in  a  shaker  during  this 
period.     In  every  case  a  count  of  100  to  200  leucocytes  was  made. 


Effect  of  Leucocytosis-producixg  Substances  ox  the 
Opsonic  Index. 

The  first  experiments  performed  confirmed  the  work  of  Ledingham 
and  Bulloch,  it  being  found  that  a  yeast  nuclein  (Parke  Davis,  Sol. 
No.  1,  containing  5  per  cent,  nucleic  acid)  injected  in  doses  of  3  c.c. 
intravenously,  produced  a  marked  rise  in  the  phagocytic  index,  whereas 
similar  injections  of  tallianine  and  sodium  cinnamate  preparations, 
which  both  produce  a  marked  leucocytosis,  were  without  effect  on  the 
opsonin  content  of  the  serum  (see  Experiments  I.,  II.,  and  III.). 


i 


Experiment  I. 


RxiiiiiT— Intravenous  Injection  of  3  c.c.  Nuclein            '          t>             rr^     ..    ^^ 
(Parke  Davis).                                                   P^^DruT  (Control). 

Dilutions  of  Serum.               Dilutions  of  Serum. 

1/1             1/5      ,     1/10 

1/1 

1/5 

1/10 

1-12 

0-90 

Before  injection   . 

Four  hours  after  injection    . 

1 

2-68          4-03          0-58 
5-79          1-13          0-33 

2-GO 
2-36 

3-75 
4-15 

It  will  be  noticed  that  there  is  a  marked  rise  in  the  phagocytic 
coefficient  of  the  injected  rabbit  four  hours  after  the  injection,  which 
represents  a  rise  in  the  opsonic  index  from  1*03  to  2-45. 
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Experiment  II. 


Rabbit— Intravenous  Injection  of  3  c.c.  Sodium 
Cinnamate  (5  per  cent,  solution). 


Raeeit  (Control). 


Dilutions  of  Serum. 


1/1 


1/5 


1/10 


Before  injection  . 

Four  hours  after  injection 


6-08 
5-60 


4-05 

3'60 


0-84 
0-43 


Dilutions  of  Serum. 
1/10 


1/1      I      1/5 


2-92     I     3-58 


0-50 


2-24 


2-44      I     0-57 


Experiment  III. 


Rabbit— Intravenous  Injection  of  3  c.c.  Tallianine. 


Before  injection  . 

Four  hours  after  injection 


Dilutions  of  Serum. 


1/1      I      1/5  1/10 


3-95     I     6-72     I     3-21 


Rabbit  (Control). 


Dilutions  of  Serum. 


1/1 


1/5      i     1/10 


3-73  4-16      ,     3-65 


3-76  6-23      1     3-45  4-03      i     4-53      :     3-85 


Fig.  1. 


In  neither  case  is  there  any  alteration  in  the  opsonic  value  of  the 
sera  after  the  injection.  These  results  are  seen  plotted  as  curves  m 
Fig.  1.      In  the  case  of  Experiment  I.,  it  will  be  seen  that  though  the 


19-1 


S.   PHILLIPS  BEDSON. 


serum  after  iujection  has  a  phagocytic  index  more  than  double  that  of 
the  serum  before  injection,  on  diluting  with  normal  saline  it  rapidly 
falls  below  the  latter.  This  is  to  some  extent  what  Marshall  (1908  ^ 
showed,  namely,  that  after  injection  of  an  antigen,  the  opsonic  value  of 
a  serum  falls  much  more  rapidly  than  in  the  case  of  a  normal  serum, 
though  in  this  case  the  phenomenon  is  much  more  marked.  This  effect 
will  be  seen  to  occur  consistently  throughout  these  experiments. 

Time  of  onset  of  Else. 

The  next  point  determined  was  the  exact  time,  after  the  injection, 
at  which  this  rise  commenced.  In  the  first  experiment  samples  of 
blood  were  taken  1  hour,  2  hours,  2\  hours,  3  hours,  and  o\  hours 
after  the  injection,  with  the  following  result : — 


Experiment  IV. 


Rabbit — Intravenous  Injection  of  3  c.c.  Nuclein  (Parke  Davis,  Solution  No.  1). 

Before  Injection. 

1  hour            2  hours           2i  hours 
after.               after.        t        after. 

3  hours 
after. 

3i  hours 
after. 

.'■.•30 

9-30                 12-79                10-67 

8-57 

11-17 

[ 

It  will  be  seen  from  this  that  even  one  hour  after  injection  the 
phagocytic  index  of  the  serum  has  risen  quite  markedly,  and  remains 
up  throughout  the  different  readings,  although  fluctuating  a  little. 

In  the  next  experiment  the  samples  of  blood  were  taken  at  more 
frequent  intervals,  and  the  following  figures  obtained : — 


Experiment  V. 


Rabbit— Intravenous  Injection  of  3  c.c.  Nuclein  (Parke  Davis,  Solution  No.  1). 

Before  Injection. 

\  hour 
after. 

i  hour 
after. 

1  hour 
after. 

2  hours 
after. 

4  hours 
after. 

3-63 

3-35 

5-6 

4-89 

4-47 

6-66 

Here  the  first  indication  of  the  rise  occurs  thirty  minutes  after  the 
injection. 

The  third  experiment  gave  much  the  same  result. 
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Experiment  VI. 


Rabbit — Intravenous  Injection  of  3  c.c. 
Nuclein  (Parke  Davis). 

Rabbit  (Control). 

5-66 

5-76 

Before  injection     . 
Twenty  minutes  after    . 
Thirty  minutes  after 

5-60 
10-13 
12-05 

The  first  iudicatiou  here  is  twenty  minutes  after  the  injection. 
The  last  experiment  on  this  point  was  done  with  a  view  to  comparing 
the  opsonic  values  of  the  serum  before,  and  half  an  hour  after,  the 
injection,  by  the  method  of  dilutions. 


Experiment  VII. 


Rabbit — Intravenous  Injection  of  3  c.c.  Nuclein 
(Parke  Davis,  Solution  No.  1). 

Dilutions  of 
Serum. 

Before            1         30  Minutes 
Injection.                after  Injection. 

VI 

4-70               '              12-33 

1/5 

0-90                             3-05 

1/10 

0-15              ;               0-26 

1/20 

1/40 

1/80 

... 

Despite  the  fact  that  in  the  undiluted  state  the  phagocytic  index 
of  the  serum  thirty  minutes  after  injection  is  almost  three  times  that 
of  the  serum  before  injection,  the  two  had  fallen  to  practically  the 
same  value  on  reaching  a  dilution  of  .jVth.  This  dilution  effect  has 
already  been  referred  to  in  the  case  of  Experiment  I.,  and  we  see  here 
that  the  method  of  Kleia  does  not  give  us  a  true  estimate  of  the 
opsonic  value  of  the  serum  in  this  case.  The  results  of  these  ex- 
periments are  rex)resented  graphically  in  Fig.  2. 
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DUKATION    OF    THE    ElSE. 


The  next  experiments  were  performed   to  ascertain    the    extent 

and   duration  of    this   increase   in   the  opsonic  power   of  the  serum. 

Samples  of  blood  were  taken  before  injection,  and  1   hour,  4  hours, 
1%  hours,  and  24  hours  after. 


Experiment  VIII. 


Kabbit— Intravenous  Injection  of  3  c.c.  Nuc]( 
(Parke  Davis). 

jin 

Rabhit  (Control). 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/5 

1/10 

1/20 

1/1 

1/5 

1/10 
1-79 

Before  injection 

5-73 

4-2.0 

1-61 

4-4.5 

4-12 

1  hour  after  injection 

7-41 

5-19 

1-82 

... 

4  hours         , , 

5-37 

5-40 

1-73 

1-10 

n  „ 

5-18 

3-60 

1-13 

0-36 

24    „ 

... 

5-97 

2-12 

3-28 

6-22 

3-28 

No  conclusion  can  be  drawn  from  this  experiment,  the  rabbit 
evidently  having  reacted  only  very  slightly  to  the  injection,  if  at  all. 
In  the  next  experiment  an  enormous  rise  was  obtained. 
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Experiment  IX. 


Rabbit — Intravenous  Injection  of  3  c.c.  Nuclein. 
(Parke  Davis). 

R.A.BEIT  (Control). 

Dilutions  of  Serum 

Dilations  of  Serum. 

1/1            1/5 

1/10 

1/20 

1/1 

1/5           1/10 

1 

Before  injection          .         478         2-87 

0-53 

7-08 

6-01 

1-74 

1  hour  after  injection        23'06 

1-44 

0-41 

...       i 

4  Lours          ,,                   18-80 

1-16 

0-22 

n    „            ,,                  15-37    i      ... 

1 

0-62 

5-72 

3-Sl 

1-49 

24    „              „                      4-18    1       ... 

1                 1 

1-39 

0-70 

... 

This  marked  rise  already  present  1  hour  after  injection  is  still  in 
evidence  *1\  hours  after,  but  has  completely  disappeared  in  24  hours. 
The  ettect  of  dilution  is  again  well  brought  out,  for,  measured  by  this 
method,  the  different  samples  of  sera  differ  very  little  from  one 
another,  whilst  in  the  undiluted  state  their  opsonic  values  are  widely 
divergent.  Finally,  the  pooled  sera  of  three  injected  rabbits  were 
examined,  being  controlled  by  the  pooled  sera  from  three  normal 
rabbits,  and  the  following  figures  obtained  : — 


Experiment  X. 


Pooled  Sera  from  Three  Rabbit.s.     Each  received 
Nuclein  (Parke  Davis)  Intravenously. 

2  c.c. 

Pooled  Serum  from  Three 
Rabbits  (Controls). 

Dilutions  of  S 

;runi. 

Dilutions  of  Serum. 

1/1      '      1/5 

1/10 

1/1      I      1/5 

1/10 

Before  Injection  .         ,         .           4-46         2-95 

0-84 

4-56          7-94 

1  hour  after  injection  .         .     :    11-25    ,     1-96 

0-45 

5  hours          „               .         .           6-68         1-34 

0-76 

4-27          8-64 

2-06 

24     ,,              ,,                .         .           5-02         3-55 

1-18 

4-60          8-31 

1-96 

Here  again  a  marked  rise  results  from  the  injection,  although  it 
falls  again  more  rapidly  than  it  did  in  the  previous  experiment.  The 
results  of  Experiments  VIIL,  IX.,  and  X.  are  seen  plotted  as  curves  in 
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Fig  3.  Tliis  increase,  then,  iu  tlie  opsonic  index,  brought  about  by 
the  injection  of  nuclein,  is  first  observed  20  to  30  minutes  after  the 
intravenous  injection,  and  is  still  marked  7^-  hours  later,  but  has  com- 
pletely disappeared  in  24  hours. 


HOURS 

EXP.  ym .  EXP.  IX- 


Hffil 


.EXP.X 


Fig.  3. 


The  Thermo  Re.sistance  of  the  Serum  of  Animals  injected  with 

Nuclein. 

With  a  view  to  determining  what  effect  heat  had  on  the  opsonin 
of  the  serum  of  the  injected  rabbit,  as  compared  with  the  effect  it  had 
on  the  normal  rabbit  serum,  the  following  experiment  was  performed. 
Samples  of  Ijlood  were  taken  from  two  rabbits,  one  of  which  was  then 
given  an  intravenous  injection  of  3  c.c.  nuclein  (Parke  Davis).  The 
sera  resulting  from  the  second  samples  of  blood  taken  four  hours  later 
were  divided  into  two  parts,  one  of  which  was  heated  for  30  minutes 
at  5G°  C.  The  phagocytic  indices  of  the  various  sera  were  then 
determined,  and  the  following  result  obtained : — 
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Experiment  XI. 


Dilutions 

of 
Serum. 

Kabbit — Intravenous  Injection  of  3  c.c. 
Nuclein  (Parke  Davis), 

Rabbit  (Control). 

Before 
Injection. 

4  hours  after  Injection. 

Before 
Injection. 

4  hours  later. 

Semm              Serum 
unheated.      inactivated. 

Serum 
unheated. 

Serum 
inactivated. 

1/1 
1/5 
1/10 

2-68 
4-03 
0-58 

.-,•79                 0-44 
1-13                 0-14 
0-33                  0-07 

2-60 
3-75 
1-12 

2-3(1 
4-15 
0-90 

0-84 
0-22 
0-18 

It  will  be  seen  that  the  phagocytic  index  of  the  serum  from  the 
injected  rabbit  falls  more  rapidly  than  that  of  the  normal  serum  on 
being  heated  for  thirty  minutes  at  56°  C.  It  would  appear  then,  from 
this  experiment  that  there  is  no  increase  in  the  thermostable  opsonin 
normally  present  in  the  serum.  Very  similar  results  were  obtained 
in  the  two  following  experiments,  performed  in  the  same  manner  as  the 
one  just  described. 

Experiment  XII. 


i 

Rabbit — In 
Nuc 

travenous  Injection  of  3  c.c. 
lein  (Parke  Davis), 

Rabbit  (Control). 

Dilutions 

of 

Serum. 

Before 
Injection. 

4  hours  after  Injection. 

Before 
Injection. 

4  hours  later. 

Serum 
unheated. 

Serum 
inactivated. 

Serum 
unheated. 

Serum 
inactivated. 

1/1 

3-97 

6-86 

0-38 

3-07 

2-55 

0-40 

1/5 

5-76 

0-82 

0-23 

6-08 

6-11 

0-29 

1/10 

0-96   . 

0-28 

0-14 

1-55 

1-35 

0-19 

Experiment  XIII. 


Dilutions 

of 

Serum. 

Rabbit — Intravenous  Injection  of  3  c.c. 
Nuclein  (Parke  Davis). 

Rabbit  (Control). 

Before 
Injection. 

4  hours  after  Injection. 

Before 
Injection, 

4  hours  later. 

Serum              Serum 
unheated.     i  inactivated. 

Serum 
unheated. 

Serum 
inactivated. 

1/1 
1/5 
1/10 

8-42 

14-89 

3-57 

27-68                  0-33 
2-97                  0-19 
1-75          1         0-14 

6-75 

20-18 

6-63 

7-14 
12-34 

6-04 

1-12 
0-38 
0-41 

>00 
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Effect  of  Different  Preparatioxs  of  Xucleic  Acid. 

Several  other  preparations  were  then  tested  with  regard  to  their 
power  to  raise  the  opsonic  index  on  intravenous  injection.  The  first 
to  be  employed  was  a  sodium  nucleinate  (Merck),  prepared  from  yeast. 
A  ;"  per  cent  .solution  in  normal  saline  was  made  up,  and  sterilised 
by  autoclaviug  for  20  minutes  at  120°  C.  (see  Experiment  XIV.). 


Experiment  XIV. 


Rabbit— Intravenous  Injeotion  of  3  c.c.  5  percent. 
Sodium  Nucleinate  (Merck). 

1 

Rabbit  (Control). 

1 

Before  injection  . 

4  hours  after  in- 
jection 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/5 

1/10 

1/1 

1/5 

1/10 

3-49 

7-48 

1-00 
0-88 

0-23 
0-4S 

7-57 
8-11 

1-88 
1-27 

0-80 

1 
0-47 

A  marked  rise  is  seen  to  have  occurred  in  four  hours,  the  opsonic 
index  having  risen  from  0-46  to  0-92.  The  duration  of  the  rise 
occasioned  by  this  preparation  was  next  determined  (see  Experi- 
ment XV.). 

Experiment  XV. 


Rabbit— Intravenous  Injection  of  3  c.c.  5  per  cent, 
solution  of  Sodium  Nucleinate  (Merck). 

Rabbit  (Control). 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/5        1       1/10 

1/1 

1/5 

1/10 

1 
Before  injection  .  '      5*00 

1   hour    after   in-       10  40 

jection 
4    hours  after  in-         9-46 

jection 
7   hours  after  in-       11-38 

jection 
24  hours  after  in-         4  59 

jection 

1 

4-39             2-81 
1-62             0-49 
2-29              0-45 
2-08             0-75 
2-29              1-10 

3-39 

3-75 
3-22 

8-44 

6-92 
9-80 

2-67 

2-37 

3-07 

We  get  here  a  similar  result  to  that  obtained  in  the  case  of  the 
Parke  Davis  preparation.  The  rise,  though  not  quite  so  great,  is  still 
marked  7  hours  after  the  injection,  but  has  disappeared  entirely  in 
.24  hours. 
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The  next  preparation  employed  was  a  yeast  nucleic  acid  (Boehringer). 
A  solution  of  this  was  prepared  by  dissolving  up  1  grm.  of  the  powder 
in  N/2  soda,  further  soda  being  added  until  the  solution  was  neutral 
to  phenolphthalein.  The  solution  was  then  made  up  to  20  c.e.  with 
distilled  water,  and  1"5  grms.  NaCl  added  to  make  the  solution  isotonic. 
This  solution  was  sterilised  by  heating  to  60°  C.  for  one  hour  on  four 
successive  days,  being  incubated  at  37°  C.  between  each  heating. 
This  solution  was  injected  intravenously  in  doses  of  3  c.c.  (see  Experi- 
ment XVI.). 


Experiment  XVI. 


Rabbit — Intravenous  Injection  of  3  c.c.  5  per  cent. 
Sodium  Nucleinate  solution  (Boehringer). 

Rabbit  (Control). 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/10 

1/20               1/1 

1/10 

1/20 

Before  injection  . 

4  hours  after  in- 
jection 

2-20 

3-82 

1-91 
0-90 

1 
0-58        !       3-09 

0-52        '       2-36 

3-36 
2-42 

1-02 
0-92 

Practically  no  rise  has  occurred  here.  This  experiment  was 
repeated,  observations  being  taken  over  a  longer  period  (see  Experi- 
ment XVII.). 


Experiment  XVII. 


Rabbit — Intravenous  Injection  of  3  c.c.  5  per  cent, 
solution  of  Sodium  Nucleiuate  (Boehringer. 

Rabbit  (Control). 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/10 

1/20 

1/1 

1/10 

1/20 

Before  injection  . 

3-82 

8-57 

4-88 

4-16 

1-20 

O-f.9 

1  hour  after  injec- 

3-78 

12-41 

5-60 

tion 

4  hours  after  in- 

3-54 

9-49 

5-63 

3-36 

1  -95 

0-95 

jection 

7   hours  after  in- 

2-05 

6-49 

2-83 

jection 

24  hours  after  in- 

2-07 

5-04 

1-92 

4-05 

1-42 

0-69 

jection 
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It  is  seen,  however,  that  liere  again  no  rise  in  the  phagocytic  index 
has  taken  place,  in  fact  it  has  fallen  to  a  certain  extent.  This  pre- 
paration was  tried  again,  but  on  this  occasion  a  suspension  of  the  nucleic 
acid  in  normal  saline  was  injected  instead  of  the  sodium  salt.  This 
suspension  contained  5  per  cent,  nucleic  acid,  a  small  portion  of  which 
had  gone  into  solution.  It  was  acid  to  phenolphthalein  and  litmus, 
and  was  injected  without  previous  sterilisation.  The  result  was  as 
follows : — 

Experiment  XVIII. 


Babbit— Intraveuous  Injection  of  3  c.c.  Suspension 
of  Nucleic  Acid  (Boehringer). 

Rabbit  (Control). 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/5              1/10 

1/1                1/5        '       1/10 

Before  injection   . 

4  hours  after  in- 
jection 

3-62 
2-9:3 

5-67             0-96 
4-90             0-87 

2-77 
2-75 

1 
2-53              0-58 

2-59              0-54 

Again  no  rise  has  occurred.  It  may  be  concluded,  then,  from  these 
experiments  that  this  preparation  of  nucleic  acid  is  without  cfiect  on 
the  opsonin  of  the  serum.  However,  this  preparation  was  found  to  be 
a  pure  one  as  judged  by  its  phosphorus  and  nitrogen  content,  the 
figures  being  P.  8"8  per  cent.,  N.  14-3  per  cent. ;  those  given  by  Levene 
for  a  yeast  nucleic  acid  being  P.  8'69  per  cent.,  X.  14 "8  per  cent. 
This  being  the  case,  it  seems  probable  that  the  effect  on  the  opsonin 
which  has  been  observed  in  the  case  of  the  hrst  two  preparations  is  not 
due  to  the  nucleic  acid  radicle,  but  to  the  presence  of  some  impurity. 

This  is  in  concordance  with  what  has  been  found  with  regard  to  the 
antigenic  properties  of  nuclein  and  nucleic  acid.  Thus  Taylor  (1908  ^) 
was  unable  to  obtain  a  cytolytic  iniumne  body  by  injecting  rabbits 
with  nucleic  acid  prepared  from  salmon  sperm,  and  Gideon  Wells 
(1911  •')  failed  to  sensitise  guinea-pigs  with  a  sodium  nucleinate  pre- 
pared from  cod  sperm,  a  second  injection  of  either  the  same  nucleinate 
or  the  albumin  from  cod  sperm  producing  no  anaphylactic  symptoms. 
More  recently  Abderhalden  and  Kashiwado  (1912  ^*^)  were  unable  to 
produce  anaphylaxis  in  animals  with  either  nucleic  acid  from  thymus 
or  a  yeast  nucleic  acid.  Pearce  and  Jackson  (1906  ^^),  working  with 
animal  "  nucleo-proteins,"  though  finding  these  substances  antigenic 
(cytotoxines),  were  unable  to  demonstrate  any  organ  specificity.  In  a 
review  of  the  work  done  on  the  nucleo-proteins  as  antigens  (Gideon 
Wells,  1913  ^-),  Wells  states  that  his  experience  with  materials  of  this 
class  is  precisely  that  of  Pearce  and  Jackson.     The  earlier  precipitates 
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obtained  by  acidifying  the  watery  extract  of  a  tissue,  the  so-called 
"  nucleo-protein,"  containing  nuclein  and  proteins,  whether  bound  to 
one  another  or  not  one  does  not  know,  are  unquestionably  antigenic. 
The  antibodies  to  which  they  give  rise,  however,  are  not  definitely 
specific  either  for  the  nucleo-protein  in  question  or  for  the  organ  from 
which  they  were  derived.  As  the  purification  is  repeated,  more  and 
more  protein  being  removed,  and  approaching  more  and  more  to  the 
pure  nucleins,  the  preparations  lose  their  power  to  produce  anaphylactic 
shock.  This  loss  in  antigenic  power,  he  considers,  is  to  be  expected, 
since  neither  components  of  nucleins — histone  and  protamine  (Gay 
and  Robertson,  1912,  1913^3),  and  nucleic  acid — possess  antigenic 
properties.  He  concludes,  therefore,  that  those  preparations  of  nuclein 
and  nucleic  acid  which  act  as  antigens,  are  able  to  do  so  owing  to  the 
presence  of  some  protein  impurity,  obtained  in  the  first  instance  from 
the  tissue  or  bacterial  cells  during  the  extraction  of  the  nucleo-proteins, 
which  are  only  removed  with  difficulty  by  repeated  purification.  It 
is  possible  that  the  same  is  true  with  regard  to  the  power  of 
nucleic  acid  to  increase  the  opsonic  power  of  the  serum,  and  with  this 
in  view  a  pure  tissue  nucleic  acid,  kindly  supplied  by  Dr.  Levene,  was 
examined.  The  nucleic  acid  was  dissolved  up  in  N/l  soda,  the  final 
solution  being  acid  to  phenolphthalein,  and  alkaline  to  tropeolin  0  0  0. 
The  strength  of  the  solution  was  3  per  cent.,  and  it  was  divided 
into  two  portions,  one  of  which  was  not  sterilised,  whilst  the  other  was 
sterilised  by  filtration  through  a  Berkefeld  filter.  On  subsequent 
examination  no  organisms  could  be  grown  from  the  unfiltered  solution. 
The  effect  of  injection  of  these  two  solutions  was  then  tested  (see 
Experiment  XIX.). 

Experiment  XIX. 


Rabbit  —  Intravenous 
Injection  of  3  c.c.  sol- 
ution of  Nucleic  Acid 
(Levene),  unfiltered. 

Rabbit  — ■  Intravenous 
Injection  of  3  c.c.  sol- 
ution of  Nucleic  Acid 
(Levene),  filtered. 

Rabbit  (Control). 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/5 

1/10 

1/1 

1/5 

1/10 

1/1 

1/5 

1/10 

Before  injec- 
tion 

4  hours  after 
injection 

9-24 
9-37 

9-25 
9-57 

7-54 
5-67 

5-65 
17-41 

13-57 
9-73 

5-62 
7-01 

5-30 

4-88 

6-37 
10-30 

3-60 
5-22 

Here  the  unfiltered  solution  produces  no  rise  at  all,  but,  contrary 
to  what  might  be  expected,  the  filtered  solution  raised  the  phagocytic 
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index  from  5 'Go  to  17 '41.     This  experimeut   was  repeated  with  the 
same  result  (see  Experiment  XX.). 

Experiment  XX. 


Rabbit  —  Intravenous  Rabbit  —  Intravenous 
Injection  of  3  c.  c.  sol-       Injection  of  3  c.c.  sol-         -o  .^-.^^  m     *.    n 
ution  of  Nucleic  Acid       ution  of  Xu  cleicAcid        ii^BBiT  (Control). 
(Levene),  unfiltered.         (Levene),  filtered. 


Dilut 

ons  of  Serum. 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/5         1/10 

1/1 

1/5 

1/10 

1/1 

1/5 

1/10 

Before  injec- 
tion 

4  hours  after 
injection 

5-81 
6-32 

3-80    1    3-30 
4-65        3-50 

5-65 
10-37 

6-88 
7-03 

4-27 
4-33 

6-18 

6-00 

5-89 
6-01 

3-89 
3-95 

These  results  are  plotted  as  curves  in  Fig.  4. 


Fig.  4. 


Effect  of  Calcium  Salts  ox  the  Opsonic  Index. 

The  sodium  salt  prepared  from  this  tissue  nuclein  (Levene),  when 
injected  without  previous  treatment,  is  without  effect  on  the  opsonic 
index  of  the  serum ;  when,  however,  it  is  filtered  through  a  Berkefeld 
candle  it  becomes  active  in  this  respect.     Xow  it  has  been  shown  that 
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duricg  the  process  of  filtration  through  a  Berkefeld  filter  a  quite 
appreciable  amount  of  calcium  is  added  to  the  solution  from  the  filter. 
It  was  possible  in  this  case  to  demonstrate  calcium  in  the  filtered 
sodium  uucleiuate  solution,  whereas  none  could  be  found  in  the  un- 
filtered  solution.  Similarly,  if  normal  saline  was  passed  through  a 
Berkefeld  filter,  it  could  be  shown  to  contain  calcium,  while  before 
filtration  it  contained  none  (addition  of  ammonium  oxalate  to  solution 
rendered  alkaline  with  ammonia).  Since  it  has  been  claimed  (Ham- 
burger, 1910  ^^)  that  calcium  salts,  even  in  very  small  traces,  increase 
phagocytosis  both  in  vitro  and  in  vivo,  it  was  thought  that  this 
might  explain  the  rather  unlooked-for  results  obtained  in  the  last  two 
experiments.  To  test  this  theory,  normal  saline  was  filtered  through  a 
Berkefeld  and  injected  intravenously  into  a  rabbit,  the  control  animal 
receiving  unfiltered  normal  saline.  The  filtered  normal  saline  was 
found  to  contain  calcium  salts.      The  following  result  was  obtained : — 

Experiment  XXI. 


Rabbit — Intravenous  Injection  of  3  c.c.  filtered 

Normal  Saline. 

Rabbit — Intravenous  Injection  of 
3  c.c.  Normal  Saline. 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/5 

1/10 

1/1 

1/5        '       1/10 

Before  injection  . 

4   hours  after  in- 
jection 

5-12 
5-82 

G-44 
7-82 

2-88 
2-88 

2-89 
2-97 

8-91              5-06 
7-70             2-85 

The  calcium  salts  present  in  the  filtered  normal  saline  have  had 
no  effect  on  the  phagocytic  index.  It  was  thought  that  perhaps  a 
solution  of  sodium  nucleinate,  being  more  viscous  than  the  saline, 
might  obtain  more  calcium  in  the  process  of  filtration  than  the  saline 


Experiment  XXII. 


Rabbit — Intravenous  Injection  of  3  c.c.  Sodium 
Nuclein  (unfiltered),  containing  5  jjer  cent.  CaCL. 

Rabbit — Intravenous  Injection  of 
3  c.c.  Normal  Saline,   contain- 
ing 0-5  per  cent.  CaCL. 

Dilutions  of  Serum. 

Dilutions  of  Serum. 

1/1 

1/5 

1/10 

1/1 

1/5 

1/10 

1 
Before  injection  .         5 '63 

4  hours  after  in-  ;       6 '56 
jection 

0-90 
0-35 

0-30 
0-20 

3-73 
3-68 

3-98 
3-60 

2-58 
2-31 

?0G 
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did,  so  O'o  percent.  CaCL  was  added  to  the  iinfiltered  sodium  nucleinate 
(Levene),  already  found  to  be  without  action,  and  it  was  then  injected. 
The  control  rabbit  received  normal  saline,  to  which  had  been  added 
O'O  per  cent.  CaCL  (see  E.xperiment  XXII.). 

Here  again  very  little  change  has  resulted,  but  seeing  that  the 
rabbit  which  received  the  sodium  nucleinate  containing  the  calcium 
chloride  was  not  full  grown,  and  that  it  died  4i  hours  after  the 
injection,  one  ought  not,  perhaps,  to  draw  any  conclusions  from  these 
results.  Further  experiments  on  this  point  are  being  made,  but  it 
would  appear  that  the  calcium  is  not  the  cause  of  this  rise,  and  one 
will  liave  to  look  elsewhere  for  the  solution  of  this  question. 


Effect  of  Alkali  on  the  Opsonic  Index. 

Seeing  that  in  the  case  of  several  of  the  preparations  employed 
the  solution  injected  was  slightly  alkaline  ([H*]  varying  from  7'5  to  8"3), 
it  was  deemed  necessary  to  test  the  effect  of  this  amount  of  free  alkali 
on  the  opsonic  index.  Thus  N/l  soda  was  added  to  normal  saline  in 
sufficient  quantity  to  bring  the  alkalinity  up  to  [H*]  =  9'3,  and  3  c.c. 
of  this  solution  injected  intravenously  into  a  rabbit.  The  control 
received  3  c.c.  normal  saline. 

Experiment  XXIII. 


Rabbit — Intravenous  Injection  of  3  c.c.  Normal        Kabbit — Intravenous  Injection  of 
Saline  rendered  slightly  Alkaline.                                3  c.c.  Normal  Saline. 

Dilutions  of  Serum.                           Dilutions  of  Serum. 

1/1 

1/5 

1/10 

1/1 

1/5 

1/10 

Before  injection  . 

4   hours  after  in- 
jection. 

4-03 
2-49 

2-76 

2-44 

1-68 
0-96 

5-82 
5-33 

6-00 

7'77 

2-98 
2-57 

The  effect  of  the  alkali  here  has  been  to  lower  the  phagocytic  index 
somewhat.  This  experiment  was  repeated  with  a  similar  result 
(.see  Exi)eriment  XXIV.). 

It  would  appear  then  that  alkali  injected  intravenously,  if  anything, 
slightly  lowers  the  opsonic  power  of  the  serum. 

The  Effct  of  Dilution  on  the  Serum  of  Animals  injected  with 

XUCLEIN. 

Perhaps  one  of  the  most  interesting  points  brought  out  by  these 
experiments  is  the  rapidity  with  which  the  opsonic  value  of  the 
serum,  from  the  injected  animal,  falls  on  dilution,  as  compared  with 
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Rabbit — Intravenous  Injection  of  3  c.c. 
Saline  (alkaline). 

Normal 

Rabbit — Intravenous  Injection  of 
3  c.c.  Normal  Saline. 

Dilutions  of  Seruni. 

Dilutions  of  Serum. 

1/1 

1/5 

1/10 

1/1 

1/5 

1/10 

Before  injection  .         4'79 

4  hom-s  after  in-         3 •54 
j  action 

2-47 

2-37 

0-53 

0-84 

2-69 

... 

3-90 
4-00 

1-75 
1-70 

the  normal  serum.  Thi.s  point  has  already  been  brietiy  referred  to 
and  is  well  brought  out  in  Experiment  XIII.,  the  results  of  which  are 
rendered  graphically  in  Fig.   5.      In  the  higher  dilutions  it  is  quite 
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usual  for  the  opsonic  value  of  the  normal  serum  to  rise  to  a  certain 
extent,  to  fall  again  on  further  dilution  (Dean,  G.  i^).  In  the  case  of 
the  serum  of  an  animal  which  had  received  an  injection  of  nuclein  the 
opposite  occurred,  a  very  marked  fall  having  taken  place  even  in 
dilutions  of  1  in  5.  Xow,  it  is  known  that  in  the  case  of  an  immune 
serum,  where  there  is  a  large  increase  in  the  thermostable  opsonin,  a 
very  extensive  dilution  indeed  is  required  before  the  opsonising  power 
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of  the  serum  is  destroyed.  Seeing  that  in  every  experiment  recorded 
here,  where  an  increase  in  the  opsonin  has  occurred  after  the  injection 
of  nuclein,  this  increased  opsonising  power  of  the  serum  has  been 
destroyed  on  dihiting  tlie  serum  with  normal  saline  to  1  in  5  or  1  in 
10,  it  may  be  concluded  that  we  are  not  dealing  with  an  increase  in 
the  normal  thermostable  opsonin.  In  Chart  V.  it  will  be  seen  that  in 
a  1  in  r>  dilution  the  phagocytic  index  of  the  serum  after  injection  has 
fallen  below  that  of  the  serum  before  injection,  despite  the  fact  that 
in  the  undiluted  state  it  is  more  than  three  times  as  great.  This 
question  will  have  to  be  worked  out  in  greater  detail,  and  the  part 
played  by  electrolytes  in  this  phenomenon  suggests  itself  for  examination. 
If.  then,  there  is  no  alteration  in  the  thermostable  opsonin,  it 
appears  probable  that  we  may  be  dealing  with  an  increase  in  the 
complement  content  of  the  serum,  and  that  this  is  responsible  for  the 
increased  opsonic  power  of  the  serum.  Bulloch  (1901  ^c)^  thinking  it 
probable  that  substances  wliicli  produced  a  leucocytosis  might  also 
increase  the  complement  content  of  the  serum,  examined  the  effect  of 
sodium  cinnamate  in  this  respect  and  claimed  to  have  shown  a  rise  in 
the  quantity  of  complement.  More  recently,  however,  Busse  (1908  i^) 
has  failed  to  demonstrate  this  increase.  It  is  possible,  however,  that 
the  substance  present  in  these  preparations  of  nuclein  and  nucleic  acid 
which  produces  the  leucocytosis  also  gives  rise  to  an  increase  in  the  com- 
plement, or  that  these  two  effects  are  due  to  two  different  substances 
acting  side  by  side. 

Should  the  injection  of  nuclein  prove  to  be  without  effect  on  the 
complement  content  of  the  serum,  we  shall  be  left  to  conclude  that  the 
effect  is  due  merely  to  some  physical-chemical  change  which  is  favour- 
able to  phagocytosis.  Then,  again,  the  question  of  whether  or  not  this 
phenomenon  takes  place  in  vitro  must  be  gone  into,  and  it  is  interesting 
to  note  in  this  respect  that  Guerrini  (1908  ^S)  claims  to  have  shown 
that  this  does  occur,  but  he  attributes  it  to  a  stimulating  action  on  the 
part  of  the  nuclein  on  the  leucocyte.  In  the  single  experiment 
performed  by  Ledingham  and  Bulloch  (1906  c),  nuclein  was  found  to 
be  without  etlect  on  phagocytosis  in  vitro.  With  these  points  of  view 
in  mmd  it  is  proposed  to  continue  this  study  of  the  effect  of  these 
substances  on  the  normal  antibody. 

Conclusions. 

1.   Xuclein  alone,  out  of  the  three  leucocytosis-producing  substances 
examined,  brings  about  a  rise  in  the  opsonic  index. 
_       2    This  rise  is  first  in  evidence  20  to  30  minutes  after  the  injection, 
hou^       "^""^^^^   ^-  ^''''''^  ''^^®'''  ^""^  ^""^  completely  disappeared  in  24 

3    The  increased  opsonic  activity  of  the  serum  is  readily  destroyed 
both  by  heating  for  30  minutes  at  56^  C.  and  by  diluting  with  normal 
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saline.      It  would   appear  therefore   that   there  is  no  increase  in  the 
thermostable  opsonin  normally  present  in  the  serum. 

-4.  This  effect  is  not  produced  by  all  preparations  of  nuclein  or 
nucleic  acid,  as,  out  of  the  four  examined,  two  were  found  to  be  with- 
out effect.  Seeing  that  these  two  latter  preparations  were  the  purest 
of  the  four,  it  would  appear  probable  that  this  effect  is  not  due  to  the 
nucleic  acid  radicle  but  to  the  presence  of  some  impui'ity. 

My  thanks  are  due  to  Dr.  Ledingham,  at  whose  instigation  this 
work  was  commenced  and  who  has  directed  my  work  throughout ;  also 
to  Dr.  Hartley  for  his  advice  on  questions  of  a  chemical  nature. 
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THE  INFLUENCE  OF  METABOLIC  FACTORS 
IN  BERIBERI.  PART  L  THE  EFFECT  OF 
INCREASING  THE  CARBOHYDRATE  RATION 
ON  THE  DEVELOPMENT  OF  POLYNEURITIS 
IN   BIRDS   FED   ON   POLISHED   RICE. 

By  W.  L.  BRADDON,  M.B.,  F.R.C.S. 
AND  E.  A.  COOPER.  D.Sc,  Beit  Memorial  Research  Fellow. 

[From  the  Lister  Institute.) 

It  is  now  taken  as  definitely  settled  that  the  disease  beri-beri  is 
essentially  privatory  in  origin,  resulting  from  the  deficiency  in  the  food 
supply  of  a  substance  or  substances  the  precise  nature  of  which  is  at 
present  unknown.  If  this  simple  explanation  were  complete  it  would 
follow  that  the  more  rapid  and  thorough  the  withdrawal  of  the  active 
substance,  the  speedier  would  be  the  onset  of  the  disease  and  the  more 
severe  its  effects. 

Maurer  (1907)  found,  however,  that  when  fowls  were  fed  on  polished 
rice  those  birds  receiving  the  largest  quantity  of  rice  were  the  first  to 
develop  symptoms  of  polyneuritis  and  that  by  feeding  small  amounts 
of  rice  the  disease  could  be  postponed  for  a  long  time. 

Chamberlain,  Bloombergh,  and  Kilbourne  (1911)  on  the  other  hand 
found  that  birds  consuming  large  rations  of  polished  rice  remained  free 
from  polyneuritis  for  a  longer  time  than  birds  eating  little  or  no  rice 
at  all. 

Cooper  (1913)  however  obtained  results  similar  to  Maurer,  finding 
that  pigeons  eating  very  small  amounts  of  poHshed  rice  developed 
symptoms  of  polyneuritis  in  from  20  to  33  days,  while  those  birds 
receiving  daily  rations  of  rice  exceeding  l/30th  their  initial  body-weight 
fell  ill  in  from  9  to  26  days.  No  constant  difference  however  was  noticed 
in  the  periods  elapsing  before  the  appearance  of  polyneuritis  in  the 
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case  of  the  pigeons  receiving  daily  rations  of  polished  rice  varying  from 
1/11  th  to  1  30th  the  initial  body-weight. 

Caspari  and  Moszkowski  (1913)  made  observations  of  a  similar 
nature.  They  found  that  pigeons  fed  on  hens'  eggs,  grape-sugar,  and 
salt  remained  quite  healthy  and  increased  in  weight,  but  pigeons  fed 
on  the  same  rations  of  egg,  sugar,  and  salt  with  the  addition  daily  of 
polished  rice  developed  polyneuritis. 

Funk  (1914)  has  still  more  recently  obtained  similar  results  to  Maurer 
(1907)  and  Cooper  (1913),  having  found  that  birds  fed  on  large  rations 
of  polished  rice  develop  polyneuritis  in  a  shorter  time  than  birds  fed 
on  small  rations.  He  also  fed  series  of  pigeons  on  dietaries  containing 
respectively  excess  of  starch,  sugar,  protein,  and  fat,  and  found  that 
the  birds  receiving  the  large  rations  of  starch  were  the  first,  while  those 
receiving  excess  of  fat  were  the  last,  to  develop  polyneuritis,  the  birds 
fed  on  large  rations  of  sugar  and  protein  falling  ill  intermediately. 

It  is  thus  seen  that  when  the  food  ration  is  increased  by  the  addition 
of  material,  e.g.  polished  rice,  with  a  very  low  content  of  anti-neuritic 
substance,  although  the  daily  allowance  of  active  substance  is  shghtly 
increased,  the  development  of  polyneuritis  is  actually  accelerated. 

Similarly  birds  deprived  of  everything  but  water  and  therefore 
receiving  no  anti-neuritic  substance  at  all  may  live  longer  than  birds 
fed  on  a  diet,  e.g.  polished  rice  with  a  very  low  content  of  the  active 
substance,  and  may  die  finally  without  any  indication  of  polyneuritis, 
although  occasional  cases  of  polyneuritis  with  fatty  nervous  degenera- 
tion were  observed  by  Chamberlain,  Bloombergh,  and  Kilbourne  (1911) 
in  fowls.  The  animal  supplied  with  a  little  of  the  substance  thus 
succumbs  to  the  disease,  but  that  receiving  none  at  all  may  fail  to  do  so. 
It  has  been  suggested  that  the  starved  animal  drawing  upon  its  own 
tissues  for  a  supply  of  combustible  material  obtains  an  adequate  amount 
of  anti-neuritic  substance  in  the  process  of  tissue  destruction.  This  is 
a  plausible  explanation  of  the  phenomenon,  but  it  does  not  account  for 
the  results  of  Experiments  VI,  X  and  XI  (in  the  present  paper)  which 
show  first  that  birds  fed  on  rations  equal  to  l/20th  of  their  body-weight 
of  washed  polished  rice  lost  as  much  as  40  per  cent,  in  weight  and 
yet  developed  polyneuritis,  and,  secondly,  that  a  supply  of  anti-neuritic 
substance  adequate  for  the  organism  provided  that  the  carbohydrate 
ration  was  maintained  at  a  certain  magnitude  was  unable  to  avert 
polyneuritis  when  the  carbohydrate  ration  was  increased. 

Certain  facts  concerning  human  beri-beri  are  parallel  to  these  experi- 
mental observations  made  in  the  bird.     Thus  paradoxically,  it  has  been 
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found  by  nearly  all  observers  {Cause  and  Prevention  of  Beri-Beri,'BTSiddon, 
1907,  p.  256)  that  in  epidemics  of  beri-beri  the  well  nourished  are  the 
first  to  succumb  and  are  actually  more  liable  to  the  disease  than  the 
underfed.  Similarly,  under  natural  conditions  men,  owing  to  their 
larger  energy  output,  partake  of  polished  rice  much  more  freely  than 
women  and  are  more  liable  to  beri-beri.  In  institutions  however  where 
men  and  women  have  the  same  fixed  rations  the  sexes  are  equally 
susceptible  to  the  disease.  Again,  in  prisons  and  asylums  in  which  the 
dietary  has  been  varied  from  time  to  time,  every  increase  in  the  polished 
rice  component  of  the  diet,  the  rations  of  other  foodstuffs  remaining 
the  same,  was  attended  by  increased  beri-beri.  From  these  observations 
Braddon  drew  the  conclusion  that  in  rice-eating  communities  the  extent 
and  severity  of  beri-beri  vary  directly  with  the  quantity,  absolute  or 
relative,  of  polished  rice  consumed. 

Admitting,  then,  that  in  the  production  of  beri-beri  deprivation  of 
a  certain  substance  is  an  essential  factor,  it  is  of  obvious  importance  to 
ascertain  the  precise  role  which  the  active  substance  plays  in  metabolism, 
and  to  determine,  if  possible,  the  quantitative  relations  which  the  intake 
of  it  must  bear  to  the  other  components  of  the  dietary,  i.e.  to  obtain 
some  information  as  to  the  composition  of  diets  best  adapted  for 
promoting,  first,  a  good  absorption,  and,  secondly,  an  economical 
utilization  of  the  active  substance  and  yet  adequate  for  maintaining 
the  organism  in  nutritive  equilibrium. 

With  this  end  in  view  and  also  on  account  of  its  special  importance 
in  the  prevention  of  beri-beri  the  effect  upon  the  development  of  poly- 
neuritis in  birds  of  increasing  the  carbohydrate  ration  of  a  dietary 
containing  a  certain  amount  of  the  anti-neuritic  substance  has  been 
studied  quantitatively  and  the  results  obtained  are  set  forth  in  this 
communication. 

Experiments  I  to  XII  were  carried  out  by  one  of  us  (W.  L.  B.)  at 
Seremban,  Federated  Malay  States,  during  the  years  1909-11  and  the 
results  are  born^j  out  by  the  remaining  experiments  which  were  under- 
taken by  the  other  of  us  (E.  A.  C.)  at  the  Lister  Institute  during  1913. 

I.     The  effect  of  rice-diets  upon  the  health  and  body-weight  of  birds. 
Experiment  I.     Padi  as  an  exclusive  food  for  fowls. 

Padi,  the  whole  unhusked  rice  grain,  containing  at  the  best  about 
seven  per  cent,  of  protein  and  one  per  cent,  of  fat,  is  by  no  means  a  good 
food  for  birds,  but  it  was  found  that  fowls  fed  daily  on  l/20th  their  body- 
weight  of  padi  could  be  maintained  in  fair  health  for  from  60  to  100  days, 
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after  which  they  usually  died  without  however  any  indication  of  poly- 
neuritis, although  some  had  lost  considerably  in  weight. 


TABLE   I. 

Uinl 

Change  in  weight  by  30tl 

1 

-  20  per  cent. 

2 

+  18       „ 

3 

-37       „ 

4 

+  10      „ 

5 

-23       „ 

6 

-  23       „ 

7 

-24       „ 

8 

+  27       „ 

;» 

-    7       „ 

10 

-    7       „ 

Experiment  II.     Cured  or  unpolished  rice. 

Cured  or  parboiled  unpolished  rice  contains  all  the  elements  of 
the  original  padi  except  the  husk  and  coloured  layer  of  the  pericarp, 
which  are  rubbed  off  together  after  the  process  of  boiling  or  steaming 
and  subsequent  drying.  This  rice  is  about  10  per  cent,  richer  in  protein 
and  fat  than  padi. 

Four  fowls  fed  on  l/20th  their  body-weight  of  this  rice  remained  free 
from  polyneuritis,  but  died  on  the  38th  to  78th  day  of  the  experiment 
of  intercurrent  disorders. 

Six  birds  fed  on  rations  of  "  cured  "  rice  varying  from  1/lOth  to 
l/2(3th  initial  body-weight  with  two  exceptions  maintained  their  weight 
for  four  weeks  as  indicated  below. 

TABLE  IL 

Ilir<l  Ration  Change  in  weight  by  26th  day 

85  l/2f;th  body-weif^ht  0 

«<«  l/l;^th         ,,  -17  per  cent. 

87  1/lOth         „  0 

88  1/lfUh         „  0 

89  l/15th        „  - 17  per  cent. 

90  l/12th         ,,  0 

Experiment  III.     "  Fresh  "  rice. 

Fresh  rice,  or  partly  polished  hand-pounded  rice  prepared  by  the 
Malay  natives  for  home  use,  retains  portions  of  the  inner  pericarpal 
layer  or  silver  skin,  as  well  as  much  of  the  aleurone  layer  which  contains 
about  half  the  total  proteids  and  fats  of  the  seeds.     Hence  the  rice 
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has  a  food  value  almost  as  good  as  that  of  padi  or  parboiled  rice.  Fowls 
fed  naturally  on  this  rice,  i.e.  on  rations  less  than  l/20th  body-weight, 
maintained  body-weight  and  remained  healthy  for  at  least  one  month, 
as  shown  in  the  followins  table. 


TABLE   III. 

Bird 

Change  in  weight  by  30th  day 

55 

0 

56 

+  35  per  cent. 

57 

0 

58 

0 

59 

-  iO  per  cent.     (Died,  but  no  polyneuritis) 

60 

0 

The  rice,  such  as  was  used  in  the  above  experiments,  in  which  the 
surface  layer  of  the  endosperm  is  wholly  preserved,  contains  on  an 
average  7  per  cent,  of  protein  and  80  per  cent,  of  carbohydrate.  Koughly 
it  may  be  said  therefore  that  physiological  balance  could  be  maintained 
on  a  diet  of  which  protein  composed  about  l/300th  and  carbohydrate 
l/25th  the  body-weight  of  the  birds  when  sufficient  anti-neuritic 
substance  was  provided. 

The  following  experiments  illustrate  what  happens,  first,  when  the 
supj)ly  of  anti-neuritic  substance  is  reduced,  the  other  food  materials 
remaining  constant,  and,  secondly,  when  the  intake  of  active  substance 
is  kept  constant  and  the  carbohydrate  ration  increased. 

Experiment  IV.     Polished  Siam  Rice,  l/20th  body-weight. 

Fowls  fed  on  the  above  ration  developed  polyneuritis  in  from  24  to 
69  days,  six  birds  falling  ill  on  the  24th,  25th,  42nd,  43rd,  47th,  and 
69th  days  respectively. 

It  is  seen  that  this  rice  induced  polyneuritis  somewhat  slowly, 
but  a  comparison  of  the  results  with  those  obtained  in  Experiments  I  to 
III  indicates  that  its  content  of  anti-neuritic  substance  was  much  smaller 
than  that  of  padi,  cured,  or  fresh  rice. 

Experiment  V.     Washed  polished  Siam  rice,  l/20th  body-weight. 

In  this  experiment  the  rice  was  first  soaked  in  excess  of  water  for 
24  hours.  Fowls  fed  on  the  above  rations  developed  polyneuritis  in 
from  10  to  35  days,  six  birds  falHng  ill  on  the  10th,  13th,  14th,  24th, 
32nd,  and  35th  days  respectively.     It  is  seen  that  this  rice  induced 

22—2 


3:^«>  Beri-Beri 

polyneuritis  more  rapidly  than  the  original  polished  rice,  indicating 
that  it  had  been  to  a  considerable  degree  deprived  of  active  material 
by  the  process  of  soaking. 

Experiment   VI.     Washed  polished  Siam  rice,  l/20th  body-weight. 

In  this  experiment  the  rice  was  soaked  in  excess  of  water  for  48  hours 
before  feeding,  and  fowls  fed  on  the  usual  ration  developed  polyneuritis 
in  15  to  17  days  (15,  15,  15,  15,  16,  17).  By  the  prolonged  washing 
the  content  of  anti-neuritic  substance  was  thus  still  further  diminished 
if  not  wholly  cut  off,  and  polyneuritis  was  greatly  accelerated.  The  loss 
in  weight  in  the  case  of  these  birds  amounted  to  as  much  as  25  to  40  per 
cent,  at  the  end  of  the  fortnight  and  in  general  exceeded  anything  ob- 
served in  the  other  series  as  shown  in  the  following  table.  This  indicates 
apparently  that  the  changes  culminating  in  the  final  break-down 
(poljmeuritis)  begin  immediately  with  the  deprivation  of  the  protective 
substance. 


TABLE 

IV 

Change  in  weight  at  end  of  14  days 

Birrl 

'^     Pad! 
l/20tli  bo<iy- 
weight  ration 

Cured  rice 
1/lOth— l/26th 

Fresh  rice  (less 

l/20th  body-weight) 

(partly-polished) 

Siam  pol.  rice 

washed  48  hrs. 

l/20th  body- weight 

1 

-30"/. 

+    40/0 

0 

-400/0 

2 

0 

-   4 

+  20»/o 

-36 

3 

-.3.5 

-   5 

+   5 

-23 

4 

0 

-   6 

0 

-2.5 

5 

-23 

-14 

-20 

-40 

6 

-.30 

—   5 

+   3 

-35 

7 

-26 

8 

-10 

9 

-   7 

10 

-10 

The  following  experiment  corroborates  these  results  and  also  illus- 
trates a  point  of  great  practical  importance. 

Experiment  VII. 

Ten  fowls  were  fed  on  l/20th  their  body-weight  of  cured  or  parboiled 
rice  which  had  been  previously  soaked  in  cold  water  for  24  hours. 
Nine  of  the  birds  developed  polyneuritis  in  from  13  to  39  days  as  will 
be  shown  in  Table  V,  although  birds  fed  on  the  same  ration  of  the  original 
parboiled  rice  had  not  developed  polyneuritis  on  the  38th  to  78th  days. 


W.  L.  Braddon  and  E.  A.  Cooper 


337 


The  custom  of  soaking  rice  before  cooking  and  then  discarding  the  water 
has  been  practised  in  some  institutions  and  has  actually  been  account- 
able for  severe  epidemics  of  beri-beri  amongst  the  inmates. 

In  the  case  of  two  of  the  10  fowls  fed  on  the  soaked  parboiled  rice 
post-mortem  examination  revealed  general  oedema,  hydropericardium, 
and  distension  of  gall  bladder,  appearances  rarely  occurring  in  avian 
beri-beri.  This  suggests  that  further  experiments  with  this  rice  may 
lead  to  the  differentiation  of  the  factor  which  determines  the  occurrence 
of  oedema  in  human  beri-beri. 

The  effects  of  the  various  rices  upon  the  health  of  birds  are  classified 
in  the  following  table. 

TABLE    V. 

Rations  l/20th  body-weight. 

Polished  Siam  rice 


>'o.  Padl 

1  Died  on  67th  day. 
No  polyneuritis 

2  Died  on  "72nd  day. 

No  polyneuritis 

3  Died  on  93rd  day. 

No  polyneuritis 

4  Died  on  96th  day. 

No  polyneuritis 

5  Still   healthy  on 

100th  day 
6 


Cured  Rice 
(unijolished  rice) 

Died  on  38tb  day. 

No  polyneuritis 
Died  on  47th  day. 

No  polyneuritis 
Died  on  .54th  day. 

No  polyneuritis 
Died  on"78th  day. 

No  polyneuritis 


Fresh  Rice 
(partly 
polished 
by  hand) 

All 
healthy 

after 
4  weeks 


Original 


2  3 

Soaked  Soaked  Cured  rice 

in  excess  of  for  Soaked  for 

water  24  hrs.  48  hrs.  24  hrs. 

Polyneuritis  appeared  on 


24th  day      10th  day      loth  day      13th  day 


2.5th 


47th 


42nd 


43rd 


13th 


14th 


24th 


32nd 


15th 


16th 


1.5th 
16th 


15th 


18th 


26th 


32nd 


69th   „         35th   ,,         17th    „         39th    „ 

16th  „ 
23rd  „ 
2oth  ,, 
26th  „ 
34th    „ 


Died  on  63rd 
day  without 
polyneuritis 


Experiments  IV  to  VII  prove  no  more  than  is  well  known  that  the 
consumption  of  rice  deprived  of  a  certain  substance  induces  beri-beri. 
The  observations  however  have  value  according  to  the  light  in  which 
they  are  regarded.  In  Experiments  I  to  III  the  birds  were  fed  on  a 
ration  containing  a  definite  amount  of  starch  and  a  definite  amount  of 


33}^  Ben-Ben' 

anti-neuritic  substance,  the  association  of  which  with  the  starch  pre- 
vented polyneuritis.  In  Experiments  IV  to  VII  it  is  seen  that  the  ration 
of  carbohydrate  remaining  constant,  while  the  supply  of  active  substance 
was  reduced  or  withdrawn,  beri-beri  followed  and  the  effect  varied 
directly  with  the  extent  of  withdrawal. 

The  first  three  experiments  furnish  a  rough  index  of  the  normal 
(juantity  of  anti-neuritic  substance  necessary  daily  to  maintain  physio- 
logical balance  in  a  fowl  when  a  normal  ration  of  food  is  ingested.  This 
quantity  is  the  amount  contained  in  a  bulk  of  padi  equal  to  l/20th 
the  body- weight  of  the  bird. 

Experiments  were  next  made  with  commercial  starch  such  as  is 
sold  for  laundry  purposes.  10  gms.  daily  were  given  alone  to  fowls  of 
3()0  to  500  gms.  and  the  results  are  tabulated  below. 

Experiment   VIII.     Five  fowls  fed  on  a  ration  of  10  gyns. 
of  pure  starch  only,  daily. 

TABLE    VI. 

Hay,  an(\  weight  in  graiunies 


No.      1  4  f,  8  10         12  14  16         18  20         24  Results 

37     r,-2r>    r,lO     .-.70    r,00     540     480     433     4.50     300     375     345     Became  weak   on   Kith   day  and  re- 

raained  so  till  20111  but  no  signs  of 
beri-beri.  Food  changed  to  padi 
but  died  24th  day. 

49  375     375     405     3C0     240      —       —       —       —      —       —      Sickened  but  no  signs  of  paralysis, 

died  10th  day. 

50  300     270     36.5     300    300     240     225     173      —       —       —      Gradually  wasted,  on  14th  day  very 

weak  but  no  paralysis.  Died  16th  day. 

51  480     435     405     4.50     390     390     403     345      —       —       —      Wasted  and  weak  but  able  to  run, 

transferred  on  16th  day,  recovered. 

52  465     4.50     405     413     435     390     360     360     345     300      —      On  20th  day  very  thin  and  weak  but 

no  paralysis  ;  somewhat  somnolent. 
Food  changed.     Eecovered. 

Although  considerable  loss  of  weight  took  place  in  each  of  these 
birds,  none  of  the  ordinary  symptoms  of  avian  beri-beri  were  noted 
up  to  the  time  when  they  became  critically  ill. 

The  condition  seemed  to  be  (after  the  first  few  days)  one  of  simple 
starvation.  It  appears  probable  that,  although  at  first  some  of  the 
starch  given  was  digested,  as  the  increases  of  weight  in  some  of  the  birds 
indicates,  later  on  absorption  ceased,  possibly  for  mechanical  reasons— 
the  starch  being  apt  to  make  a  solid  mass  in  the  crop  and  duodenum. 
As  will  be  seen  later  exclusive  diets  of  glucose  induced  polyneuritis 
in  birds  and  the  addition  of  sago  to  a  diet  consisting  of  polished 
nee  and  yeast  accelerated  the  development  of  the  disease  Expt.  XV 
(p.  345).  '       ^ 


TABLE 

VII. 

Day,  and 

weight 

in  grammes 

Xo. 

1 

9 

11 

13 

15 

17 

19 

63 

570 

480 

540 

480 

420 

450 

330 

65 

570 

540 

540 

480 

420 

— 

— 

100 

600 

G60 

630 

540 

540 

— 

— 

94 

1200 

1050 

1050 

1020 

1020 

1020 

900 

1 

1370 

1320 

1290 

1260 

1200 

1040 

990 

10 

loOO 

1340 

1340 

1380 

1350 

1350 

1260 
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Experiment  IX.     Six  fowls  were  fed  on  a  daily  ration  of  SOgms. 
starch  plus  1  gm.  of  egg-yoll. 


Remarks 
Died  on  19tli  day.  No  paralysis. 
Died  on  15th  day.  No  paralysis. 
Died  on  14th  day.  No  paralysis. 
Sick  on  19th  day,  legs  paralysed. 
Died  on  19th  day.  No  paralysis. 
Quite  well  and  strong  ou  19th  day. 

The  egg-yolk  in  this  experiment  was  mixed  thoroughly  into  a  paste 
with  the  starch  and  a  little  water,  the  mixture  being  given  in  pills. 
Although  there  were  four  deaths,  in  none  of  the  four  were  character- 
istic signs  of  beri-beri  observed  previously. 

One  bird,  however,  developed  beri-beri  in  the  subacute  form  and 
one  remained  except  for  loss  of  weight  quite  well  at  the  end  of  the  ex- 
periment. 

Cooper  and  Funk  (1911)  obtained  somewhat  similar  results,  pigeons 
fed  on  1/lOth  to  l/40th  daily  rations  of  Coleman's  starch,  potato-starch, 
inulin,  dextrin,  and  cane  sugar  in  some  cases  developed  typical  symptoms 
of  polyneuritis  with  considerable  fatty  degeneration  in  sciatic  nerves 
and  spinal  cords.  Many  of  the  birds  however  only  exhibited  signs  of 
weakness  and  then  died,  but  even  in  these  there  was  evidence  of  fatty 
degeneration.  In  all  cases  the  deficiency  in  the  diet  of  the  anti-neuritic 
substance  had  evidently  made  itself  felt,  but  in  some  cases  at  the  time 
of  death  the  depletion  of  the  body  store  of  active  substance  had  only 
proceeded  far  enough  to  cause  some  degree  of  fatty  degeneration, 
and  was  not  sufficient  to  induce  the  development  of  the  typical  neuritic 
symptoms.  The  proportion  of  undoubted  cases  of  polyneuritis  is  given 
below. 


TABLE 

VIIL 

Diet 

No. 

of  cases 

Distinct  cases 
of  polyneuritis 

Cases  of 
weakness  only 

Coleman's  starch 

3 

1 

2 

Potato  starch  (pure) 

6 

1 

5 

Inulin                 ,, 

3 

2 

1 

Cane  sugar         ,, 

7 

1 

6 

Dextrin               ,, 

8 

5 

3 
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The  frequent  failure  of  such  carbohydrate  diets  to  induce  typical 
polyneuritis  is  surprising  in  view  of  the  facts  that  the  symptoms  regu- 
larly develop  in  birds  fed  liberally  on  polished  rice  and  even  when 
polished  rice  or  sago  is  added  to  a  basal  ration  containing  a  minimum 
of  the  anti-neuritic  substance  (Experiments  X  to  XV).  In  the  case 
of  starch,  as  already  pointed  out,  the  condition  would  appear  to  be  one 
of  simple  starvation.  The  case  of  cane-sugar  however  offers  more 
difficultv,  as  it  would  seem  unlikely  that  saccharose  escaped  inversion 
in  the  alimentary  canal.  The  excreta  were  however  not  examined  for 
the  presence  of  saccharose. 

The  results  with  dextrin  show  that  exclusive  diets  of  this  carbo- 
hydrate frequently  induced  distinct  symptoms  of  polyneuritis.  This 
may  be  due  to  the  fact  that  dextrin  dissolves  in  water  at  ordinary 
temperatures  and  would  be  readily  hydrolysed  to  glucose  in  the  ali- 
mentary canal,  so  that  the  birds  were  thus  called  upon  to  metabolize 
large  amounts  of  carbohydrate  and  depletion  of  their  store  of  anti- 
neuritic  substance  rapidly  took  place. 

Experiments  with  glucose  have  since  been  carried  out,  and  it  has 
been  found  that  of  four  birds  fed  exclusively  on  aqueous  solutions  of 
this  carbohydrate  three  developed  typical  symptoms  of  polyneuritis, 
while  the  fourth  only  exhibited  symptoms  of  weakness  with  however 
considerable  fatty  degeneration  in  the  sciatic  nerves. 


II.     The  effect  of  increasing  the  carbohydrate  ration  upon  the  time 
elapsing  before  onset  of  polyneuritis  in  birds. 

The  succeeding  experiments  show  what  happens  when  the  intake  of 
anti-neuritic  substance  is  maintained  constant,  but  the  proportion  of 
food-material  is  increased. 

Experiment  X. 

(a)  Six  fowls  weighing  about  GOO  gms.  each  were  fed  on  a  ration  of 
30  gms.  of  padi  daily  (l/20th  body-weight)  for  45  days. 

(6)  Another  six  fowls  were  fed  on  the  same  ration  of  padi  as  the 
above  plus  90  gms.  of  water-extracted  unpolished  rice  (l/6th  to  l/7th 
body-weight). 

The  birds  of  series  (a)  maintained  their  body-weight  and  were  quite 
kealthy  at  the  end  of  45  days,  but  those  included  in  series  (6)  all  developed 
polyneuritis  in  from  10  to  16  days. 
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Experiment  XI. 

(a)  Ten  fowls  weighing  about  600  gms.  each  were  fed  on  22|  gms. 
padi  daily  (about  l/25th  body- weight). 

(6)  Ten  other  fowls  received  the  same  ration  of  padi  and  in  addition 
54  gms.  of  polished  Siam  rice  daily  (1/lOth  body-weight  approximately). 

Nine  of  the  birds  fed  on  padi  only  were  strong  and  healthy  at  the 
end  of  30  days,  three  of  them  gaining  in  weight  and  six  losing  in  weight. 
The  10th  bird  escaped  early  in  the  experiment. 


TABLE 

IX. 

(a)     Padi  only,  22) 

gmis. 

daily. 

Day,  and  weight  in  grammes 

^            Effect  of  d 

at  and  o/o 
30th  day 

cJjansTC 

Xo. 

1 

5 

8 

10               21 

27 

30                          by 

1 

600 

510 

472i         450         372| 

— 

480           -  20  "/o  ^ 

2 

600 

030 

570 

510         630 

— 

705           + 18  "/o 

3 

600 

480 

450 

360         420 

— 

375            -  37  «/o 

4 

420 

500 

465 

375         450 

— 

465           +10»/„ 

5 

570 

600 

540 

420         450 

— 

442i          -23% 

.  All  healthy  on 

6 

570 

480 

472 

L         390         420 

— 

4421          -  23  % 

30th  day. 

7 

540 

450 

420 

360        435 

— 

4124          -  24  7„ 

8 

495 

600 

540 

5371       360 

— 

630           +27% 

9 

420 

540 

510 

390          — 

— 

—          Escaped 

10 

540 

540 

480 

420         540 

TABLE 

X. 

502i         -   7%; 

Padi 

22i  gms.  +  Polished 

rice  54  gm?.  daily. 

Xo. 

1 

5 

8 

10            21            27 

30 

Effect  of  diet  and  %  change 
by  end  of  exp. 

n  weight 

11 

660 

690 

600 

592i       600          — 

615 

Beri-beri  28th  day. 
Died  29th  day 

-    7% 

12 

540 

570 

510 

510         540         480 

— 

Beri-beri  19th  day. 
Died  29  th  day 

- 11  7o 

13 

390 

480 

420 

390         375          — 

— 

Died    suddenly    at 
night  20-21st  day 

0 

14 

510 

540 

510 

510         570          — 

615 

Beri-beri  28th  day. 
Died  29  th  day 

+  20% 

15 

570 

570 

510 

495         555          — 

555 

Died  acute  beri-beri 
30th  day 

0 

16 

630 

480 

480 

435         472i       480 

— 

Beri-beri  25th  dav. 
Died  29th  day 

-24% 

17 

480 

510 

450 

4474       -120          — 

420 

Beri-beri  26th  day. 
Died  29th  day 

-  12  % 

18 

600 

570 

540 

525         600          — 

735 

Died  acute  beri-beri 
30th  day 

+  22  7o 

19 

600 

630 

600 

600         600         — 

— 

Died  suddenly  20th 
day 

0 

20 

570 

540 

480 

450         480          — 

— 

Died  acute  beri- 
30th  day 

beri 

- 16  7o 

:U-J 
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The  birds  receiving  polished  rice  as  well  all  developed  polyneuritis 
in  from  20  to  30  days,  five  losing  in  weight,  three  remaining  constant, 
and  two  gaining  in  weight.  The  results  are  set  forth  in  detail  in  Tables 
IX  and  X. 

[All  these  birds  showed  signs  of  early  beri-beri — dullness,  tremors, 
somnolence,  and  weakness  on  18th  to  19th  day.] 

The  amount  of  anti-neuritic  substance  contained  in  l/20th  to  l/25th 
ration  of  padi  was  sufficient  to  prevent  polyneuritis  in  fowls  for  at  least 
4.5  days,  when  fed  exclusively  on  the  diet  (Experiment  X),  yet,  although 
by  the  addition  of  washed  polished  rice  to  the  diet  the  amount  of  active 
substance  was  actually  slightly  increased,  the  effect  of  the  addition  was 
to  produce  polyneuritis  in  less  than  30  days.  The  conclusion  clearly 
emerges  that  the  amount  of  active  substance  required  by  the  organism 
stands  in  some  quantitative  relation  to  the  carbohydrate  ration  which 
has  to  be  metabolized. 

Experiment  XII. 

In  this  experiment  birds  were  fed  on  small  and  large  rations  of 
water-extracted  polished  rice. 


TABLE 

XT. 

Series  (a). 

l/30th  body-weight  ration  of 

rice  for 

1st 

5  days,   subsequently 

body-weight. 

Kffect  of  diet 

'Vo  change  in  wt.  by  end  of  exp 

1. 

Polyneuritis  on  l.'Jth  day 

-18% 

2. 

„    loth     „ 

-20  0/o 

3. 

„    14th     „ 

- 10  "/n 

4. 

,,    20th     „ 

-40«/„ 

5. 

,,    loth     „ 

-IS^/o 

C. 

Healthy  for  24  days 

0 

Series  (h). 

1/5 

th  body-weight  ration  of  rice. 

1. 

Polyneuritis  on  11th  day 

-  20  «/o 

2. 

„    16th     „ 

-16  7o 

3. 

„    15th     „ 

-27«/o 

4. 

„    14th     „ 

-    7% 

.5. 

„    11th     „ 

-   9  7o 

6. 

„    loth     „ 

-   3% 

The  results  show  that,  unlike  what  happened  in  Experiments  X 
and  XI,  in  which  the  anti-neuritic  substance  was  provided  in  the  diet, 
there  was  practically  no  difference  in  these  two  series  as  to  time  of 
onset  of  polyneuritis.  It  may  be  inferred  that  the  lower  scale  of  ration 
was  already  sufficient  to  produce  the  maximum  effect  in  depletion  of 
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the  body  store  of  active  substance.  Cooper  (1913)  obtained  similar 
results.  It  was  found  that  rations  of  polished  rice  varying  from  l/30th 
to  1/lOth  of  the  body-weight  induced  polyneuritis  in  pigeons  in  about 
the  same  time  (9  to  26  days),  but  when  the  rations  fed  were  below  l/30th 
polyneuritis  was  delayed  and  did  not  develop  until  21  to  33  days  had 
elapsed.  The  maximum  effect  is  evidently  induced  by  a  ration  of  carbo- 
hydrate of  about  ]/30th  the  body- weight  of  the  bird.  In  quantitative 
investigations  of  the  effect  of  various  conditions  upon  the  rate  of 
onset  of  polyneuritis  it  is  thus  of  importance  to  supply  the  organism 
with  the  minimum  amount  of  vitamine  and  not  to  rely  merely  on  the 
traces  of  active  substance  stored  in  the  tissues.  This  point  has 
frequently  been  overlooked  in  the  past. 

Experiments  XIII  to  XV. 

This  series  of  experiments  differs  from  those  previously  detailed 
in  that  all  the  birds  were  fed  upon  polished  rice  or  sago  with  the  addition 
of  a  constant  amount  of  dried  brewer's  yeast  sufficient  to  prevent 
polyneuritis  for  from  30  to  50  days  when  normal  rations  of  carbo- 
hydrate were  fed.  By  varying  the  carbohydrate  ration  and  maintaining 
the  supply  of  yeast  constant,  it  was  thus  possible  to  study  quantitatively 
the  effect  of  increasing  the  carbohydrate  component  of  the  dietary  upon 
the  time  elapsing  before  the  onset  of  polyneuritis. 

Experiments  with  pigeons. 

The  pigeons  were  first  of  all  fed  for  three  weeks  on  constant  daily 
rations  of  whole  barley  equal  to  l/20th  their  initial  body-weight. 

Experiment  XIII. 

Six  pigeons  were  then  fed  daily  on  amounts  of  polished  rice  and 
yeast  equal  respectively  to  l/25th  and  l/2500th  their  initial  body-weight. 
For  birds  weighing  350  gms.  the  daily  quantities  of  rice  and  yeast  were 
therefore  14  gms.  and  0-14  gm.  A  second  series  of  pigeons  (eight) 
received  daily  the  same  proportion  of  yeast  but  two  and  a  half  times 
as  much  polished  rice  as  the  above  birds,  the  rations  of  rice  being  thus 
1/lOth  the  initial  body-weights. 

Artificial  feeding  was  employed  in  all  the  experiments. 
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Experiment  XIV. 

In  this  experimeut  the  daily  rations  were  as  follows  : 

Series    I.    (Three  birds.)  Polished  rice  =  l/20th      initial  body-weight. 

Yeast        . .     =  l/3500th 
Series  II.    (Three  birds.)  Polished  rice  =  1/lOth 

Yeast        .  .     =  l/3500th 
For  pigeons  weighing  350  gms.  the  daily  rations  were  therefore 
Polished  rice,  17|  and  35  gms.  respectively. 
Yeast        . .     0-1  gm. 


TABLE   XIII.     Exp.  XIV. 

Series  I.      Daily  ration  l/20th  initial  body-weight  polisbed  rice  and  l/SoOOth  body-weight  yeast. 
Series  II.         ,,         „      1/lOth     ,, 


Body-weights 


No.  of 
pigeon 


Effect  of  diet  upon 
health  of  birds 


Initial  Day  5      16 


Series  I. 

103  Polyneuritis  on  37th  day     390 

104  Weakness   in    limbs   on     340 

44th  day.     Polyneuritis 
on  53rd  day 

141     Polyneuritis  on  32nd  day 

Series  11. 

145  Polyneuritis  on  loth  day  310 

146  Polyneuritis  on  16th  day  300 
148     Weakness   in    limbs    on  320 

22nd  day.    Polyneuritis 
on  26th  day 


390 
320 


Day  7 
340     370 


380 
330 


14 
330 


26 

350 

290 


21 

320 


37 


300 
250 


28 
280 


250     230 


37 
290 


—  370  — 
370  350  — 
400     350     320 


',,  change  in 

wt.  by  end 

of  esp. 


-23«/n 
-32''/o 


15»/o 


+  19% 
+  16''/o 
0 


"/n  change  in  wt.  by 
18th  day.  the  average 
time  taken  by  the  birds 

on  large  ration  to 
develop  polyneuritis 


-  3% 


-  30/0 


+  19»/o 
+  16°/o 
+   4«/o 


Experiment  XV  {with  chickens). 

The  birds  were  first  of  all  fed  for  three  weeks  on  whole  barley,  the 
daily  rations  being  equal  to  l/20th  their  initial  body  weight. 

Five  chickens  were  then  fed  on  l/45th  their  initial  body-weight  of 
polished  rice  and  l/2500th  of  dried  pressed  yeast,  a  chicken  of  1450  gms. 
weight  thus  receiving  daily  32  gms.  of  polished  rice  and  0-6  gm.  of  yeast. 

Five  other  chickens  received  daily  the  same  rations  of  rice  and  yeast 
as  the  above,  but  in  addition  l/45th  their  initial  body-weight  of  sago. 
Sago  was  used  in  this  experiment  instead  of  polished  rice  to  facilitate 
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artificial  feeding,  as  sago  passes  the  crops  of  birds  much  more  readily 
than  rice^. 

The  results  of  Experiment  XIII  show  that  of  six  pigeons  receiving 
daily  l/25th  their  initial  body-weight  of  polished  rice  with  l/2500th  of 
dried  pressed  yeast,  three  remained  quite  healthy  for  95  days  and  even 
at  the  end  of  that  time  showed  no  signs  of  polyneuritis,  one  was  healthy 
at  the  end  of  47  days,  and  two  developed  polyneuritis  in  39  and  52  days. 
The  eight  pigeons  fed  daily  on  1/lOth  their  body-weight  of  polished 
rice  with  the  same  amount  of  yeast  as  the  above  birds,  however,  all 
developed  polyneuritis  in  from  22  to  46  days. 

Experiment  XIV  shows  that  pigeons  fed  on  daily  rations  of  polished 
rice  equal  to  l/20th  their  initial  body-weight  with  l/3500th  of  yeast 
developed  polyneuritis  in  from  32  to  44  days,  but  those  fed  on  1/lOth 
their  body-weight  of  rice  with  the  same  amount  of  yeast  became  ill 
in  from  15  to  22  days. 

Pigeons  fed  exclusively  on  the  same  polished  rice  in  amounts  equal 
to  1/lOth  to  l/30th  their  initial  body- weight  daily  developed  poly- 
neuritis in  from  9  to  26  days  (Cooper,  1913).  It  is  thus  seen  that,  while 
the  addition  of  a  small  amount  of  yeast  to  the  polished  rice  diet  could 
prevent  polyneuritis  in  pigeons  for  a  considerable  time  when  the  daily 
ration  of  rice  did  not  exceed  l/20th  the  initial  body-weight,  when  the 
ration  of  rice  was  increased  to  1/lOth,  the  yeast  had  little  protective 
effect  and  the  period  elapsing  before  the  onset  of  polyneuritis  did  not 
greatly  exceed  that  elapsing  when  the  diet  was  exclusively  polished 
rice. 

Experiment  XV  (with  chickens)  shows  that  of  the  five  birds  fed 
daily  on  l/45th  their  initial  body-weight  of  polished  rice  with  0*5  to 
0-7  gm.  of  yeast  one  was  still  healthy  on  the  100th  day  of  the  experiment, 
three  developed  polyneuritis  on  the  94th  to  97th  days,  and  one  on  the 
62nd  day.  The  other  five  birds  receiving  in  addition  l/45th  their  initial 
body- weight  of  sago  daily  fell  ill  with  polyneuritis  in  from  13  to  31  days. 
As  in  the  case  of  the  previous  experiments  with  pigeons,  doubling  the 
daily  ration  of  carbohydrate  thus  greatly  accelerated  the  development 
of  polyneuritis. 

The  eight  pigeons  (Experiments  XIII  and  XIV)  fed  on  the  small 
rations  all  lost  in  weight,  while  of  the  11  pigeons  fed  on  large  rations 

1  It  should  be  mentioned  that  during  the  first  week  of  the  experiment  the  rations  of 
carbohydrate  employed  were  somewhat  larger,  being  l/30th  and  l/15th  the  initial  body- 
weight  of  the  birds.  As  some  difficulty  was  met  with  in  feeding  these  large  amounts,  the 
rations  finally  employed  were  as  above. 
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(1/lOth  their  body- weight)  four  gained  in  weight,  three  remained 
constant  in  weight,  and  the  remaining  four  lost  to  as  great  an  extent  as 
some  of  the  birds  fed  on  the  small  rations  and  yet  developed  polyneuritis 
earlier.  These  results  are  of  interest  as  they  indicate  that  a  dietary 
deficient  in  the  anti-neuritic  substance  can  sometimes  maintain  body- 
weight  and  even  lead  to  increase  in  weight.  Similarly,  in  Experiment 
XV  of  the  five  chickens  fed  on  the  large  ration,  three  maintained  their 
bodv-weight,  but  two  lost  in  weight  to  as  great  an  extent  as  the  birds 
fed  on  the  small  ration  and  again  developed  polyneuritis  considerably 
earlier. 

The  results  thus  confirm  the  earlier  observations  that  the  amount 
of  anti-ncuritic  material  required  by  the  organism  is  not  constant  and 
independent  of  the  quantity  of  food  provided,  but  as  the  ration  of 
carbohydrate  is  increased  the  demand  of  the  organism  for  the  active 
substance  is  also  increased  and  if  this  be  not  adequately  met,  poly- 
neuritis follows.  When  the  carbohydrate  ration  was  doubled  (as  in 
Experiment  XV)  by  the  addition  of  sago  to  a  diet  consisting  of  polished 
rice  and  yeast,  the  development  of  polyneuritis  w^as  accelerated  con- 
siderably more  than  two-fold.  Thus,  when  daily  rations  of  polished  rice 
and  yeast  equal  respectively  to  l/45th  and  l/2500th  the  initial  body- 
weight  of  the  birds  were  fed,  polyneuritis  did  not  occur  for  nearly 
100  days,  but  when  the  diet  was  supplemented  by  an  equal  quantity 
of  sago,  symptoms  of  polyneuritis  appeared  in  from  13  to  31  days. 

In  this  experiment  the  excreta  of  the  fowls  were  collected  daily, 
dried  at  ordinary  temperatures  by  means  of  an  electric  fan,  and  the 
amount  of  undigested  starch  estimated  by  hydrolysis  with  acid  and 
determination  of  the  quantity  of  sugar  produced  by  reduction  (Bertrand) 
and  polari metric  methods.  The  results,  given  in  Table  XV,  were 
obtained. 

The  results  show  that  in  the  case  of  the  birds  fed  on  the  small  rations 
the  percentage  of  starch  digested  varied  from  95  to  100  per  cent.,  and 
in  the  case  of  the  birds  fed  on  the  large  rations  from  90  to  100  per  cent., 
the  greater  part  of  the  starch  fed  thus  being  hydrolysed  in  the  aUmentary 
canal.  Only  small  amounts  of  sugar  could  be  detected  in  the  excreta, 
and  no  dextrin  was  found  at  all. 

Cooper  (1914)  found  that  alcoholic  extracts  of  the  excreta  of  a 
chicken  fed  on  grain  and  the  faeces  of  a  rabbit  fed  on  cabbage  cured 
polyneuritis  in  pigeons,  so  that  a  possible  explanation  of  the  effect  of 
large  rations  of  starch  in  accelerating  polyneuritis  was  that  a  portion  of 
the  starch  was  not  digested,  and  interfered  with  the  absorption  of  the 
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TABLE    XV 

Bird 

Period 
during  exp. 

starch 
fed 

starch 
excreted 

Period 
during  exp. 

starch 
fed 

Starch 
excreted 

/  ^ 

oth-llthday 

204 

5-0 

12th-18th  day 
19th-2.5tb    ,, 

156 
156 

2-5 
0 

B 

,, 

228 

2-5 

— 

— 

— 

Small 
rations 

,    C 

" 

228 

7-0 

12th-l.sth    ,, 
19th-29th    ,, 

162 
250 

9  0 
6-0 

D 

,, 

228 

1-0 

12th-25th    ,, 

325 

4-0 

[e 

,, 

207 

2-0 

12th -33rd    „ 

492 

0 

(  ^ 

„ 

346 

4-5 

— 





G 

,, 

413 

7-0 

12th-33rd    ,, 

965 

50 

Large 
rations 

H 

,, 

476 

8-0 

12th-25th    ,, 

674 

0 

{   I 

)> 

325 

3-5 

12tb-18th    ,, 

351 

34-0 

i 

l!)th-25th    ,, 

351 

16-0 

K 

5» 

636 

3-1 

12th-18th    ,, 
19th-29th    ,, 

468 
720 

36  0 

8-0 

anti-neuritic  substance  supplied  in  the  diet.  As  however  the  amount  of 
starch  excreted  by  the  fowls  in  Experiment  XV  was  so  small,  it  seemed 
improbable  that  the  above  explanation  could  hold  at  any  rate  for  the 
particular  rations  employed  in  that  experiment.  Nevertheless  it  was 
decided  to  attempt  to  ascertain  whether  the  anti-neuritic  substance 
could  be  detected  in  the  excreta.  Pigeons  were  fed  daily  on  l/25th 
their  body-weight  of  polished  rice  to  which  was  added  varying  amounts 
of  the  pulverised  dry  excreta  of  chickens  A,  E  (small  rations  of  rice) 
and  G,  I  (large  rations). 

Assuming  only  half  the  amount  of  active  substance  fed  to  the  chickens 
was  absorbed,  the  amount  contained  in  the  excreta  administered  should 
have  prevented  polyneuritis  in  the  pigeons  for  39  to  95  days  (see  Experi- 
ment XIII). 

Experiment  XVI. 

TABLE   XVI. 


Pigeon 
1 


Amount  of  di-y  excreta 
fed  daily 


3 '5  g.  of  chicken  A 
(small  ration) 

2  1-5  g.  of  chicken  E 

(small  ration) 

3  3"5  g.  of  chicken  G 

(large  ration) 

4  4*5  g.  of  chicken   I 

(large  ration) 
Pigeons  fed  on  l/25th  body-weight  of 
polished  rice  only 


Effect  on  pigeon 

Weakness  in  wings  and  limbs  2otb  day. 

Polyneuritis  acute  32ud  day. 
Polyneuritis  on  22nd  day. 

"Weakness  in  wings  and  limbs  on  27tb  day- 
Weakness  in  wings  and  limbs  25th  day. 

Acute  polyneuritis  32nd  day. 
Polyneuritis  in  20-28  days. 
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The  excreta  were  evidently  free  from  the  anti-neuritic  substance, 
and  it  thus  seems  that  in  Experiment  XV  the  rapid  onset  of  polyneuritis 
in  the  case  of  the  birds  receiving  the  large  ration  of  carbohydrate  was 
not  due  to  imperfect  absorption  of  the  active  material. 

Experiments  were  next  carried  out  with  the  object  of  ascertaining 
(1)  whether  the  active  substance  is  adsorbed  by  starch  and  (2)  whether 
chickens  digest  the  starch  as  readily  when  the  ration  is  raised  to  1/lOth 
their  body- weight  (the  maximum  ration  employed  in  the  above  digestion 
experiment  being  l/20th  the  body-weight). 

To  50  c.c.  of  a  curative  yeast  extract  20  gms.  of  potato  starch 
were  added,  and  the  mixture  was  allowed  to  stand  at  room  temperature 
with  frequent  shaking  for  several  days.  The  minimum  curative  dose 
of  the  solution  for  neuritic  pigeons  of  about  300  gms.  weight  was  deter- 
mined before  and  after  the  addition  of  the  starch,  10  animals  being 
employed  altogether.  It  was  found  that  2-3  c.c.  of  the  solution  before 
and  after  treatment  with  starch  was  just  sufficient  to  bring  about  com- 
plete recovery,"  smaller  doses  having  only  a  slight  ameliorative  effect. 
There  was  thus  no  evidence  that  starch  adsorbed  the  active  substance 
to  any  appreciable  degree. 

It  seemed  still  possible,  however,  that  with  a  much  larger  ration  of 
starch  the  absorption  of  the  active  substances  from  the  gut  might  be 
interfered  with. 

Four  chickens  were  therefore  fed  on  very  large  rations  of  polished 
rice  (1/lOth  their  body-weight)  with  the  addition  daily  of  4,  6,  2|,  and 
\\  gms.  of  dried  pressed  brewer's  yeast  respectively.  The  excreta 
were  collected  daily,  dried  at  20°  C.  by  means  of  an  electric  fan,  and 
ground  to  a  fine  powder.  The  birds  developed  polyneuritis  in  the 
remarkably  short  period  of  10  days.  The  amount  of  starch  in  the  excreta 
was  estimated  and  we  were  surprised  to  find  that  of  this  enormous 
ration  the  birds  had  digested  93  to  98  per  cent.,  the  amount  of  starch 
excreted  per  diem  varying  from  2  to  8  gms.  Four  pigeons  were  fed 
on  rations  of  polished  rice  equal  to  l/25th  the  body-weight  and  fixed 
quantities  of  the  excreta.  The  amounts  given  daily  were  such  that 
assuming  provisionally  that  one  half  the  yeast  fed  to  the  original  chicken 
was  excreted,  they  should  have  contained  sufficient  yeast  (0-15  gm.) 
to  prevent  polyneuritis  in  the  pigeons  for  from  39  to  95  days.  (See 
Experiment  XIII.)  The  pigeons  however  all  developed  polyneuritis 
in  from  21  to  30  days,  while  control  birds  fed  on  the  same  ration  of 
polished  rice  without  the  addition  of  excreta  fell  ill  in  from  20  to  28  days. 

The  addition  of  the  excreta  to  the  rice  diet  thus  neither  delayed  nor 
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prevented  polyneuritis  in  the  pigeons,  and  this  shows  that  the  rapid 
onset  of  polyneuritis  which  results  from  the  consumption  of  diets 
containing  large  rations  of  polished  rice  is  not  due  to  interference  with 
the  absorption  of  the  anti-neuritic  substance. 

The  main  conclusion  to  be  drawn  from  these  experiments  is  therefore 
that  the  amount  of  anti-neuritic  substance  required  by  the  organism 
increases  with  the  quantity  of  carbohydrate  metabolized.  For  the 
maintenance  of  health  the  intake  of  active  substance  must  therefore 
be  adjusted,  as  so  to  stand  in  some  quantitative  relation  to  the  amount 
of  carbohydrate  included  in  the  diet. 

This  fact  is  of  practical  importance  in  the  prevention  of  beri-beri, 
as  attention  must  evidently  be  paid  not  only  to  the  absolute  amount  of 
anti-neuritic  foodstuff  incorporated  into  the  dietary,  but  also  to  the 
proportion  which  this  bears  to  the  total  carbohydrate  ration.  The 
exact  ratio  which  must  be  maintained  has  not  yet  been  determined, 
but  the  results  so  far  obtained  show  that  when  the  carbohydrate  ration 
was  doubled  polyneuritis  was  induced  more  than  twice  as  rapidly. 
Evidently  then  for  the  prevention  of  beri-beri  the  proportion  of  the  anti- 
neuritic  foodstuff  in  the  diet  must  be  maintained  as  high  as  possible, 
and  large  rations  of  foodstuffs  deficient  in  the  active  substance  carefully 
avoided. 

Some  minor  point-s  arising  out  of  the  results  deserve  mention.  It  was  suggested 
previously  (Cooper,  1914)  that  the  ciu-ative  action  of  extracts  of  excreta  was  due  in 
some  degree  to  the  capacity  of  bacteria  growing  in  the  intestine  to  synthesize  the 
anti-neuritic  substance.  Extracts  of  2  gms.  of  B.  coli  (dry)  however  had  no  effect 
upon  neuritic  pigeons,  but  this  could  not  be  regarded  as  conclusive  evidence,  as  so 
small  a  weight  of  bacilli  was  used.  As,  however,  excreta  are  very  rich  in  bacteria, 
the  failure  of  as  much  as  I'O  to  5-0  gms.  of  excreta  daily  to  prevent  or  even  delay 
polyneuritis  in  pigeons  fed  on  polished  rice  suggests  that  bacteria  compared  with 
yeast  (0'15  gm.  daily  of  which  prevents  polyneuritis  for  39  to  95  days)  contain  an 
insignificant  amount  of  anti-neuritic  substance. 

The  results  also  .show  that  birds  can  digest  enormous  rations  of  starch,  amounting 
daily  to  1/lOth  their  body-weight. 


Summary. 

(1)  Chickens  fed  on  l/20th  their  body-weight  daily  of  padi,  cured 
or  parboiled  unpolished  rice,  or  fresh  (partly  polished)  rice,  remain  free 
from  polyneuritis  for  at  least  28  to  100  days. 

(2)  Chickens  fed  on  the  same  ration  of  polished  Siam  rice  develop 
symptoms  of  polyneuritis  in  from  20  to  70  days. 
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(3)  When  the  polished  rice  is  soaked  in  excess  of  water  for  24  hours 
the  birds  succumb  to  polyneuritis  in  from  10  to  35  days  ;  when  the  rice 
is  soaked  for  48  hours  the  disease  appears  still  more  readily,  viz.  in 
15  days. 

(4)  Chickens  fed  on  l/20th  their  body-weight  of  parboiled  rice 
which  had  been  soaked  for  24  hours  also  develop  polyneuritis  in  from 
13  to  39  days.  This  fact  is  of  practical  importance,  as  epidemics  of 
beri-beri  have  been  traced  to  the  practice  of  soaking  unpolished  rice 
prior  to  cooking  and  discarding  the  water. 

(5)  Although  birds  fed  on  diets  of  pohshed  rice,  sago,  or  glucose 
develop  polvneuritis,  when  fed  on  commercial  starch  they  often  fail 
to  do  so  and  merely  lose  considerably  in  weight.  An  explanation  is 
offered. 

(6)  While  fowls  fed  on  l/20th  their  body-weight  of  padi  remain 
free  from  polyneuritis  for  at  least  60  to  100  days,  when  this  ration  is 
supplemented  by  l/6th  the  body-weight  of  washed  unpolished  rice  or 
1/1 0th  of  polished  rice  polyneuritis  appears  in  from  20  to  30  days. 

(7)  On  the  other  hand,  chickens  fed  on  rations  varjdng  from  l/5th 
to  l/30th  of  their  body-weight  of  washed  unpolished  rice  develop  poly- 
neuritis in  about  the  same  time,  10  to  20  days. 

(8)  On  dietaries  composed  of  rations  of  polished  rice  varying 
from  l/20th  to  l/40th  the  body-weight  and  of  yeast  varying  from 
l/2500th  to  l/3500th  the  body-weight  pigeons  and  chickens  do  not 
develop  polvneuritis  until  at  least  32  to  100  days  have  elapsed,  but  when 
the  carbohydrate  ration  is  doubled  by  the  addition  of  polished  rice  or 
sago  the  birds  fall  ill  in  from  13  to  46  days. 

(9)  Even  when  daily  rations  of  polished  rice  as  large  as  1/lOth 
the  body-weight  are  fed  to  chickens  together  with  varying  amounts 
of  yeast,  93  to  98  per  cent,  of  the  carbohydrate  is  digested  and  absorbed 
and  the  excreta  contain  no  anti-neuritic  substance.  This  shows  that 
the  rapid  development  of  polyneuritis  induced  by  feeding  large  rations 
of  starch  is  not  due  to  interference  of  undigested  carbohydrate  with 
the  absorption  of  the  active  material. 

(10)  Intestinal  bacteria,  unlike  yeast,  contain  little  anti-neuritic 
substance. 

Conclusion  and  practical  application  of  the  results. 

The  amount  of  anti-neuritic  substance  required  by  the  organism 
increases  with  the  quantity  of  carbohydrate  metabolized.  For  the 
maintenance  of  health  the  intake  of  active  substance  must  therefore 
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be  adjusted,  so  as  to  stand  in  some  quantitative  relation  to  the  ration 
of  carbohydrate  ingested,  and  it  is  when  this  necessary  balance  is  not 
maintained  in  the  dietary  that  beri-beri  results.  Although  as  ordinarily 
induced  beri-beri  can  be  described  not  inaccurately  as  a  "  deficiency 
disease,"  it  may  thus  actually  develop  when  a  dietary  containing  an 
adequate  amount  of  the  anti-neuritic  substance  is  regularly  supplemented 
by  a  ration  of  a  carbohydrate  foodstuff  deficient  in  this  essential  sub- 
stance. 

This  is  obviously  of  great  practical  importance  in  the  prevention 
of  beri-beri.  Attention  must  be  paid  not  only  to  the  absolute  amount 
of  anti-neuritic  foodstuff  incorporated  in  the  dietary,  but  to  the  pro- 
portion which  this  bears  to  the  total  carbohydrate  ration.  The  precise 
relation  which  must  subsist  between  the  supply  of  active  material  and 
the  amount  of  carbohydrate  metabolized  has  not  yet  been  ascertained, 
nor  has  it  been  determined  for  the  other  normal  components  of  a  dietary, 
e.g.  protein  and  fat.  It  is  therefore  advisable  to  maintain  the  proportion 
of  anti-neuritic  foodstuff  in  the  diet  as  high  as  possible,  and  large  rations 
of  foodstuffs  deficient  in  the  essential  substance  should  be  carefully 
avoided. 

In  the  preparation  of  a  dietary  to  obviate  beri-Beri,  it  thus  becomes 
necessary  to  consider  not  merely  its  absolute  content  of  anti-neuritic 
material,  but  also  its  total  calorific  value. 

The  authors  desire  to  express  their  best  thanks  to  Prof.  C.  J.  Martin, 
F.R.S.,  for  his  kindly  help  in  the  course  of  this  investigation. 
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(Plates  XIX.-XX.) 

The  observations  here  recorded  constitute  a  preliminary  note 
on  the  anaerobic  flora  of  the  intestinal  tract  in  early  life.  The 
technical  difficulties  in  work  on  obligate  intestinal  anaerobes  are 
considerable,  and,  in  the  present  state  of  our  knowledge,  results  are 
small  in  proportion  to  the  amount  of  laboratory  work  involved.  The 
present  paper  therefore  will  deal  chiefly  with  the  methods  and  technique 
which  have  given  the  best  results  in  obtaining  pure  cultures  of  these 
organisms. 

The  importance  of  investigation  of  bacteria  of  this  class  is  asso- 
ciated with  recognition  of  their  capacity  to  produce  putrefactive 
decomposition  of  native  protein.  It  is  particularly  necessary  to 
determine  any  possible  connection  between  the  action  of  obligate 
anaerobes  in  intestinal  putrefaction  generally,  and  in  the  gastro- 
intestinal disorders  in  infancy  when  the  anaerobic  flora  is  most 
evident  in  the  intestinal  tract. 

Eesearches  on  intestinal  bacteriology  have  not  dealt  to  any  marked 
degree  with  the  group  of  the  obligate  anaerobes,  and  our  limited 
knowledge  is  confused  by  diversity  of  nomenclature  and  by  want  of 
uniformity  in  the  culture  and  chemical  methods  used  for  distinguish- 
ing individual  types.  A  notable  characteristic  of  such  organisms  is 
their  extraordinary  pleomorphism,  and  the  striking  differences  in 
morphology  which  are  associated  with  variations  in  culture  media 
render  it  easy  to  confuse  microscopical  appearances.  It  is  quite 
possible  that  this  property  has  caused  the  same  organism  to  be 
described  as  different  varieties  and  so  complicated  the  nomenclature. 

^  Received  May  8,  1914. 
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In  the  absence  of  micro-photographs  it  is  not  possible  to  compare  the 
organisms  described  by  different  observers  or  to  correlate  their  results. 

Our  present  knowledge  has  been  supplied  chiefly  by  Continental  workers. 
Tissier  (1900^)  was  the  first  to  describe,  as  the  dominant  organism  in  faeces  of 
healthy  breast-fed  infants,  a  strictly  anaerobic  bacillus,  retaining  Gram's  stain, 
and  frequently  showing  a  bifurcated  extremity.  He  gave  the  name  B.  hijidus 
communis  to  this  organism,  and  his  description  has  been  accepted  as  a  standard 
one.  His  observations  were  made  on  infants  of  all  ages  from  a  few  hours  old 
up  to  nine  months. 

Rodella  (1902^)  described  three  varieties  of  anaerobic  intestinal  bacilli 
isolated  from  nine  cases  aged  from  six  days  to  twenty-one  days.  These  were 
all  very  similar  morphologically,  and  all  possessed  a  terminal  knob  or  spore, 
which  identifies  them  with  the  "  Kdpfchen  bacillus  "  of  Escherich.  Xo  bifid 
ends  are  described.  Rodella  distinguished  them  as  Bacillus  /.,  B.  Jl.,  and  B.  iii., 
and  based  his  classification  on  cultural  difi"erences  and  variation  in  toxicity  and 
not  on  morphology.  The  evidence  in  favour  of  the  existence  of  three  distinct 
varieties  in  so  small  a  series  of  cases  is  not  very  conclusive. 

Tissier  later  (1905  ")  admits  the  existence  of  B.  ill.  of  Rodella  as  a  distinct 
type,  but  claims  that  it  disappears  after  the  third  or  fourth  day  of  life.  This 
statement  is  open  to  the  criticism  that  Eodella  first  isolated  the  organism  from 
infants  nine  days  old. 

Herter  (1907  -)  discusses  the  morphology  of  B.  bifidus  in  some  detail.  He 
considers  that  it  occurs  in  three  forms — (a)  A  plain  bacillary  form,  which  is 
the  most  frequent  type  ;  (&)  a  bifid  form  ;  (c)  a  headlet  or  knobbed  form.  He 
has  cultivated  the  bifid  and  knobbed  forms  from  pure  cultures  of  the  simple 
bacillary  organisms,  and  believes  that  the  headlet  or  knobbed  forms  are 
resistant  or  spore-forming  varieties  of  B.  hijidus.  The  ages  of  the  patients 
examined  are  not  given,  and  photo-micrographs  are  not  available.  The  indica- 
tion, however,  is  that  the  bacillus  described  by  Herter  is  a  special  form  of 
that  classified  by  Tissier  as  B.  hijidus. 

It  will  be  necessary  to  refer  again  to  the  views  of  these  three 
observers  after  statement  of  the  details  of  the  present  investigation. 

For  this  investigation,  examinations  have  been  made  of  evacuations 
from  the  alimentary  tract  of  healthy  breast-fed  infants  in  the  first  ten 
days  of  life.  Eighty  specimens  have  been  collected,  usually  from 
twenty  hours  to  four  days  after  birth ;  and  the  limits  of  age  were 
eight  hours  and  ten  days  respectively. 


Collection  of  Material. 

Fiecal  material  was  removed  from  the  rectum  in  a  sterilised  piece 
of  glass  tubing,  after  washing  the  anus.  It  was  usually  possible  to 
collect  meconium  during  evacuation.  Inoculations  into  the  special 
media  used  were  made  immediately,  and  a  portion  of  the  specimen 
was  reserved  for  making  smear  preparations. 

Media  employed  for  Culture. 

A  constant  difficulty  in  bacteriological  examination  of  fseces  is  the 
selective  action  of  artificial  media,  which  allows  certain  organisms  to  out- 
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grow  the  others.  For  example,  if  a  portion  of  fa;cal  material  be  inoculated 
(«)  into  ordinary  nutrient  bouillon  of  alkaline  reaction,  (&)  into  such 
bouillon  containing  a  large  amount  of  bile,  and  (c)  into  nutrient  bouillon 
acidified  with  1  per  cent,  acetic  acid,  and  if  the  sediments  of  the  three 
tubes  be  examined,  each  will  show  a  different  microscopical  picture, 
and  none  will  conform  to  that  of  a  smear  made  directly  from  the 
fa'ces.  This  difficulty  is  increased  when  obligate  anaerobes  are  sought 
for  in  ordinary  media,  as  facultative  anaerobes  of  the  coliform  type 
obscure  the  obligate  varieties  in  every  case. 

For  investigating  meconium,  with  its  high  content  of  biliary 
material,  the  addition  of  bile  to  the  media  seemed  a  reasonable 
provision,  and  fluid  ox-bile,  in  proportion  of  25  per  cent.,  was  added 
to  ordinary  nutrient  bouillon  as  an  experiment.  A  loopful  of 
meconium  was  inoculated  into  the  tube,  and  after  twenty-four  hours' 
incubation  under  anaerobic  conditions  the  sediment  was  examined 
microscopically  and  compared  with  the  sediment  in  a  plain  broth  tube 
similarly  inoculated  and  incubated.  It  was  evident  that  the  bile-broth 
mixture  favoured  the  multiplication  of  Gram-positive  bacilli  and 
inhibited  the  coliform  organisms  which  were  abundant  in  the  plain 
broth  tubes.  The  results  were  more  marked  when  50  per  cent,  bile 
was  added  to  nutrient  broth,  and  this  proportion'  was  subsequently 
used. 

Tissier  mentions  the  addition  of  5  per  cent,  bile  to  culture  media 
employed  for  B.  lifidus,  without  marked  success.  The  question  of 
inhibition  of  coliform  organisms  by  large  quantities  of  bile  has  been 
discussed  recently  by  Jordan  (1913  ^). 

The  media  most  frequently  used  had  the  following  composition : — 

(a)  Bile  Broth,  consisting  of  equal  jDarts  of  filtered  green  ox-bile  and 
ordinary  nutrient  peptone  bouillon,  to  which  a  small  portion  of  sterilised  white 
of  egg  was  added  in  cubes. 

(h)  Bile-Albumin  Plates. — White  of  egg  was  beaten  up  with  25  per  cent. 
green  ox-bile,  and  10  per  cent,  water,  poured  in  Petri  plates  and  autoclaved. 
Twelve  plates  were  made  at  once,  and  could  be  kept  sterile  for  days  in  a  metal 
cylinder. 

(c)  Bile-Serum  Plates,  made  from  horse  serum,  with  25  per  cent,  green 
ox-bile  added.     These  were  sterilised  and  kept  in  the  same  way  as  {b). 

(d)  BiLE-ASCiTic-AGAR  Slopes,  made  of  2  per  cent,  agar  in  a  mixture  of  25 
per  cent,  bile,  25  per  cent,  ascitic  fluid,  and  50  per  cent,  water. 

(e)  Ordinary  Ox-Blood  Agar  in  Slopes. — In  all  these  media  the 
reaction  was  made  faintly  alkaline  to  litmus,  but  no  quantitative  estimation  of 
alkalinity  was  made.  The  omission  is  probably  an  important  one,  as  it  seems 
likely  that  an  optimum  degree  of  alkalinity  or  acidity  can  be  determined. 

Immediatedly  after  removing  the  faecal  material  two  loopfuls  were 
inoculated  into  5  c.c.  bile  broth.  These  tubes  were  incubated  anaerobi- 
cally  for  twenty-four  hours  in  a  Bulloch's  apparatus  (vacuum- 
pyrogallic-soda).  After  twenty-four  hours,  the  tubes  were  removed, 
films  were  made  from  the  sediment  they  contained,  and  a  loopful  of  the 
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emulsion  was  smeared  over  a  bile-albumin  plate.  The  plates  were  then 
incubated  anaerobically  for  thirty-six  to  forty-eight  hours.  Bulloch's 
apparatus  was  used  throughout  with  satisfactory  results.  No  nitrogen 
or  hydrogen  gas  was  introduced,  and  the  degree  of  anaerobiosis  was 
judged  by  the  tinting  of  the  pyrogallic-soda  solution,  which  was 
generally  very  lightly  coloured. 

After  thirty-six  hours,  the  surfaces  of  the  plates  were  examined 
for  distinctive  growths,  and  twelve  to  fifteen  colonies  were  examined 
microscopically.  Growth  was  generally  not  very  profuse,  and  colonies 
were  well  separated.  Single  colonies,  when  examined,  often  showed  a 
mixture  of  cocci  and  bacilli  and  had  to  be  re-plated.  Growth  is  less 
abundant  on  bile-serum  than  on  bile-albumin.  The  former  plates 
were  therefore  more  useful  if  the  original  emulsion  was  dense. 

Eeady  recognition  of  the  anaerobic  colonies  only  developed  after 
considerable  practice,  and  it  cannot  be  said  that  their  appearances  in 
surface  growth  were  very  distinctive.  Experience  showed  that  two 
kinds  of  obligate  anaerobes  could  be  distinguished  on  the  surface. 

1.  B.  aerogeneii  capsulatus,  which  appears  in  large  rounded  and 
heaped-up  colonies,  with  edges  slightly  ragged,  and  which  often  sinks 
slightly  into  the  medium. 

2.  An  anaerobe  to  which  no  name  need  be  attached  at  present, 
which  grows  in  flat,  dull  colonies  somewhat  sunken  in  the  medium, 
with  well-marked  radiations  at  the  edges.  The  dull  appearance  is  very 
characteristic  in  uncontaminated  colonies.  The  two  anaerobes  were 
frequently  associated  in  a  single  colony. 

Transplantation  feom  Plates  to  Sloped  Medl\. 

This  has  proved  the  most  disappointing  stage  of  cultivation. 
Slopes  of  egg-media,  glucose  agar,  and  meconium  agar  were  tried, 
without  any  success.  When  bile-ascitic  agar  and  ox-blood  agar  were 
used,  the  results  were  better,  but  growth  failed  in  about  75  per  cent, 
of  the  tubes. 

It  was  found  more  satisfactory  to  transfer  colonies  from  the  plate 
to  deep  glucose  agar  tubes,  by  stab  inoculation,  and  obtain  slope 
cultures  from  these  when  successful.  B.  aerogenes  capsulatus  grew 
readily  in  glucose  agar,  usually  with  abundant  gas  production  and 
splitting  of  the  medium. 

The  other  anaerobe  frequently  failed  to  develop  in  deep  glucose 
agar  stabs ;  but  it  was  found  that  tubes  in  which  no  growth  had 
occurred  often  showed  anaerobic  colonies  at  the  site  of  the  first  inocula- 
tion, after  a  second  stab  inoculation  had  been  made  elsev:here  in  the  medium, 
vnth  som^e  other  organism.  This  apparently  symbiotic  mode  of  growth 
proved  the  most  satisfactory  means  of  obtaining  the  unnamed  anaerobe 
in  pure  culture.  For  the  second  stab  the  most  useful  organisms  were 
B.   aerogenes  capsulatus   and  B.  coli  communis.     The   anaerobe  whose 
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growth  had  beeu  thus  encouraged  in  stab  culture  could  be  subcultured 
readily  from  deep  glucose  agar  on  to  blood-agar  slopes. 

The  principal  fluid  medium  used  for  subculture  was  hilc  'broth,  in 
which  both  varieties  of  anaerobic  organisms  grew  readily  in  pure 
culture.  In  ordinary  glucose  hroth,  B.  acrogenes  capsulatus  grew  well ; 
the  other  anaerobe  failed  to  grow  in  pure  culture,  but  in  this  medium 
grew  vigorously  in  symbiosis  with  B.  ladis  acrogenes. 

Eesults. 
I.  Meconium  Period. 

One  specimen  examined  eight  hours  after  birth  proved  sterile  on 
culture.  In  all  other  cases  infection  had  beeu  established  when  tlie 
.specimen  was  collected.  Direct  smears  made  from  meconium  and 
stained  by  Gram's  method  showed  fairly  uniform  appearances.  The 
l)acteria  are  scanty  and  are  extra-cellular.  The  forms  constantly 
observed  were : — 

(a)  A  large  thick  deep-staining  baciUus  with  square  ends,  Gram-positive 
when  stained  and  frequently  exhibiting  a  clear  refractile  spore  close  to  one  end, 
but  never  terminal.  This  organism  could  always  be  demonstrated  in  smears, 
and  multiplied  rapidly  in  an  emulsion  of  meconium  in  bile  broth.  The  spore- 
bearing  forms  also  increased  in  this  medium,  (h)  A  Gram-positive  bacillus 
with  rounded  ends  but  shorter  and  more  slender  than  (a),  and  frequently 
showing  beaded  or  irregular  staining.  Earely  one  of  these  organisms  had  a 
densely  staining  knob  at  one  extremity,  but  7io  bifid  forms  loere  seen  in  the 
true  vieconium  perio(t.  They  occurred  separately  for  the  most  part,  but 
occasionally  two  individuals  were  joined  end  to  end  (see  Plate  XIX.  Fig.  1). 
In  an  emulsion  made  in  bile  broth,  these  bacilli  multiplied  readily,  and 
numerous  forms  showed  the  knobbed  extremity,  which  stained  deeply  by 
(iram's  inethod.  After  longer  incubation  this  effect  was  lost,  and  the  knob 
or  headlet  remained  clear  and  refractile,  like  a  spore,  (c)  Gram-positive 
•  ■occi,  usually  in  pairs  or  tetrads.  {d)  Gram-negative  bacilli.  In  the  first 
twenty-four  hours  of  life  these  bacilli  are  less  numerous  than  the  Gram-positive 
varieties,  and  cultures  on  suitable  media  at  this  period  give  a  joredominance  of 
Gram-positive  over  Gram-negative  varieties. 

It  was  frequently  observed  that  cultures  plated  from  bile-broth 
emulsions  at  this  stage  gave  only  cocci  and  Gram-positive  bacilli, 
and  no  Gram-negative  bacilli  were  obtained  at  all  on  bile-albumin 
plates. 

II.  From  Third  to  Seventh  Day. 

Smears  from  f;cces  at  this  period  have  lost  the  uniformity  of 
the  meconium  picture.  Bacteria  are  very  abundant,  and  the 
variety  of  forms  has  increased  greatly.  The  large  Gram-positive 
organism  of  the  meconium  period  may  be  seen  in  small  numbers 
in  direct  smears,  and  in  bile-broth  emulsions  multiplies  and 
is  easily  recognised.  The  slender  Gram-positive  bacillus  can  also  be 
detected,  and  is  distinrruished  by  its  beaded  stainin^  and  the  occasional 
presence  of  the  headlet  at  one  end.      Scattered  bifid  forms  also  stained 
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in  a  beaded  manner  can  be  found  in  the  direct  smear,  but  have  never 
been  observed  in  the  bile-broth  emulsion. 

Cocci  are  very  numerous,  and  appear  in  chains  and  masses.  A 
Gram -negative  coccus  is  very  constantly  present  at  this  stage. 

Gram-negative  bacilli  are  now  very  numerous,  and  appear  in  a 
considerable  variety  of  forms.  None  of  them,  however,  have  been 
shown  to  be  obligate  anaerobes  on  culture,  and  accordingly  their 
classification  will  not  be  further  considered. 

Description  of  Organisms  isolated  in  Pure  Culture. 

By  plating  and  subculture  under  conditions  of  strict  anaerobiosis, 
two  varieties  of  bacilli  have  been  obtained. 

(a)  One  of  these  corresponds  to  the  large  Gram-positive  organism 
observed  constantly  in  meconium,  and  has  the  morphological  and 
cultural  characters  of  B.  acrogeves  cavsulatus  {B.  perfringens ;  B. 
welchii). 

This  is  a  non-motile  bacillus,  which  spores  freely  under  natural  conditions, 
but  not  in  pure  culture.  Its  morphology  is  constant  in  culture.  Hiss' 
serum-water  medium  Avas  used  in  Durham  fermentation  tubes  to 
test  its  action  on  glucose,  mannite,  dulcite,  lactose,  and  cane  sugar.  In  a 
Bulloch's  apparatus  the  fermentation  tests  are  complicated  by  the  fact  that 
the  gas  produced  does  not  remain  in  the  tube,  so  that  interpretation  of 
results  is  difficult.  Glucose  and  lactose  showed  much  acid  and  gas 
production  Avith  heavy  precipitate  in  the  serum-water  medium.  Saccharose 
was  attacked  by  some  strains.  Mannite  was  bleached,  but  recovered  its 
colour  in  the  air.  Dulcite  was  not  affected.  Xo  indol  reaction  in  peptone 
broth  after  five  days.  Xo  growth  in  gelatin  at  20'.  At  37°  growth  took 
place  with  abundant  gas  production. 

In  milk  the  tj'pical  "stormy  fermentation"  took  place  in  twenty-four 
hours,  followed  by  separation  of  the  clear  fluid  of  the  upper  layer  from  the 
tough  gas-blown  clot  below. 

No  animal  inoculations  have  yet  been  made.  The  presence  of  this 
organism  in  large  numbers  in  the  faeces  has  been  held  to  be 
associated  with  pathological  conditions  in  older  infants. 

Its  constant  occurrence  in  healthy  infants  during  the  first  week 
cf  life  is  of  great  interest,  but  the  facts  do  not  point  to  its  possessing 
any  pathogenic  activity  at  this  stage. 

(b)  The  second  anaerobic  organism  was  isolated  after  considerable 
difficulty  in  pure  culture.  It  could  be  demonstrated  in  direct  smears 
from  the  faeces  in  every  case  examined. 

It  is  a  non-motile  slender  bacillus  with  rounded  ends  and  from  4  to  7  /u. 
in  length.  It  retains  Gram's  stain,  but  the  staining  element  is  irregularly  dis- 
tributed, giving  it  a  beaded  appearance.  The  beading  is  well  shown  in  pre- 
parations stained  by  methylene-blue  (see  Plate  XX.  Fig.  6). 

The  first  pure  cultures  were  obtained  in  deep  glucose  agar  by  the  lateral 
.symbiotic  stab  method  above  described,  and  grew  about  2  cms.  below  the 
surface.  From  these  cultures  growths  were  obtained  on  surface  of  sloped  ox- 
blood   agar   in   scattered    scantv    colonies    Avhich    never   coalesce    and    have 
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irregularly  serrated  edges.  The  vitality  of  these  cultures  becomes  impaired 
with  repeated  subculturing,  and  growths  are  obtained  with  difficulty  after 
six  weeks  in  the  laboratory.  As  with  many  other  strict  anaerobe.'^,  the  reaction 
to  Gram's  stain  varies  with  the  age  of  the  culture.  A  smear  of  a  young  pure 
culture  is  Gram-positive  for  the  most  part,  but  a  few  individuals  fail  to  retain 
the  stain,  and  others  stain  only  in  part  of  their  length.  If  a  culture  is 
examined  from  day  to  day  the  loss  of  the  Gram-staining  property  becomes 
very  marked,  and  the  irregular  beaded  appearance  of  the  organisms  that  retain 
the  stain,  is  very  striking.  Cultures  in  fluid  media  or  in  deep  agar  stabs  lose 
the  Gram-staining  property  much  earlier  than  surface  growths.  It  has 
already  been  stated  that  the  knobbed  end  which  is  formed  stains  deeply  blue 
with  Gram's  stain  when  it  first  appears,  and  later  is  clear  and  refractile  and 
fails  to  stain  at  all.  It  does  not  stain  tcith  carhol  fuchsin  in  the  method  used 
for  demonstrating  spores. 

Morphology. — The  most  striking  character  of  this  organism  is  its  poly- 
morphism. Kf'peated  transfers  have  been  made  from  plates  to  surface  media, 
fluid  media,  and  deep  stabs,  to  demonstrate  the  existence  of  only  one  variety 
of  organism,  as  the  diverse  appearances  in  difl'erent  media  suggested  con- 
tamination or  mixed  cultures.  The  same  appearances,  however,  have  been 
noted  with  difterent  strains  of  the  bacillus  after  elaborate  precautions  had 
proved  no  contamination  of  the  pure  culture.  The  accompanying  photo- 
micrographs show  the  variations  of  vigorous  cultures  on  difi'erent  media  and 
best  illustrate  the  marked  pleomorphism. 

Plate  XIX.  Fig.  2. — An  early  pure  culture  on  alhumin-bile  plate.  It  indi- 
cates the  regular  parallel  arrangement  seen  at  this  stage  (thirty-six  hours' 
incubation).  Many  long  threads  are  present,  and  great  variations  in  length 
may  be  noticed.  The  whorl-like  curved  disposition  of  the  parallel  organisms 
is  at  times  very  striking. 

Plate  XIX.  Fig.  3. — Pure  culture  on  blood-agar  slope  (forty  hours).  This 
shows  the  early  formation  of  clubbed  or  knobbed  ends.  These  appear  first  as 
a  small  club-shaped  swelling  which  gradually  becomes  sharply  marked  off  and 
more  rounded.  At  this  stage  also  there  is  evidence  of  the  loss  of  parallel 
arrangement,  greater  diversity  in  length,  and  tendency  to  the  loss  of  Gram- 
stain. 

Pl.\te  XIX.  Fig.  4. — Culture  on  blood-agar  slope  (twelve  hours  later). 
There  is  a  dense  background  of  organisms  which  have  wholly  or  partially  lost 
the  power  to  retain  Gram's  stain.  Many  long  rods  with  "headlet"  formation 
are  present,  and  one  rod  shows  a  clear  knobbed  extremity.  Several  oval 
bodies  in  the  field  represent  the  knobbed  ends  detached  from  the  rods. 

Plate  XX.  Fig.  o. — Older  culture  on  albumin-bile  plate.  A  similar  condi- 
tion to  Fig.  4,  but  showing  well  the  beaded  appearance  of  the  bacilli  in 
cultures  of  two  or  three  days'  incubation.     One  detached  end  is  well  seen. 

In  some  cases  a  later  stage  showed  almost  complete  disintegration  of  the 
bacillary  forms  with  large  clumps  of  the  detached  oval  or  rounded  ends,  which 
had  all  reached  the  clear  refractile  stage. 

Plate  XX.  Fig.  6. — Grotcth  on  bile  serum  (thirty-six  hours).  The  organ- 
isms are  stained  with  methylene-blue  to  show  their  well-marked  beaded 
character  when  grown  on  this  medium. 

Plate  XX.  Fig.  7. —  Young  pure  culture  in  fluid  medium  (equal  parts  of 
bile  and  broth).  In  fluid  media  and  in  deep  stabs  the  individual  organisms 
show  curved  or  twisted  outlines,  and  have  frequently  a  streptothrix-like 
appearance.  Terminal  and  lateral  branching  is  present  but  is  not  well  marked, 
and  does  not  closely  resemble  the  bifid  ends  of  bacilli  seen  in  smears.  The 
figure  shows  a  club-shaped  organism  similar  to  those  seen  in  surface  growths, 
but  they  are  very  scanty  in  fluid  or  deep  stab  media. 

Plate  XX.  Fig.  8. — Pure  culture  in  deep  glucose  agar  stab  (  x  1500).  It  is 
usual  to  see  curved,  twisted,  and  elongated  forms  in  this  medium,  and  the 
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Gram's  stain  is  rapidly  lost.  In  the  figure  the  pale  forms  are  counterstained 
by  carbol  fuchsin.  The  formation  of  the  "headlet"  ends  is  rarely  seen  in 
deep  stabs  or  in  fluid  media. 

The  investigation  of  the  bio-chemical  properties  of  this  organism 
has  been  disappointing,  and  results  are  meagre,  owing  to  the  extreme 
difficulty  of  obtaining  growth  in  pure  culture  in  special  media.  A 
notable  feature  is  the  effect  of  bile  in  aiding  its  growth,  as  shown  by 
comparing  glucose  agar  stabs  with  and  without  the  addition  of  2  5  per 
cent.  bile.  In  the  bile  and  agar  tubes  good  growth  was  present  twenty- 
four  hours  before  any  colonies  were  visible  in  ordinary  glucose  agar. 

In  bile  broth  very  marked  reduction  of  bile  pigment  takes  place 
with  formation  of  bilirubin  from  biliverdin.  The  yellow  colour  of  the 
altered  fluid  remains  unchanged  in  the  air,  unlike  the  yellow  colour  of 
early  nursling  faeces,  which  is  changed  to  green  when  exposed  to  the 
atmosphere. 

Eesults  of  milk  cultures  have  not  been  uniform,  as  the  organism 
only  survived  in  30  per  cent,  of  the  milk  flasks  inoculated.  In  some 
of  these,  the  odour  of  butyric  acid  could  be  detected  ;  the  acidity  of  the 
medium  increased  slightly  from  day  to  day,  and  a  soft  clot  was  formed 
in  seven  to  nine  days.  In  other  flasks  the  organism  died  out  in  four 
to  five  days  and  no  clot  was  formed. 

Examination  for  fermentation  of  sugars  is  difficult  and  unsatis- 
factory, as  so  many  of  the  subcultures  fail  to  grow.  Peptone  water 
proved  a  poor  medium.  Hiss'  serum  water  medium  was  therefore 
used  with  glucose,  mannitol,  dulcite,  lactose,  and  cane  sugar.  Mannitol 
was  affected  by  all  the  strains  examined,  and  was  the  first  sugar  to 
show  results.  Bleaching  took  place  in  the  anaerobic  chamber  in 
inoculated  mannitol  fermentation  tubes  (Durham's  tubes),  but  control 
tubes  were  unaltered.  The  colour  was  restored  in  the  air.  Saccharose 
tubes  showed  slight  acid  production,  and  glucose  tubes  became  definitely 
acid.  A  small  amount  of  gas  production  is  generally  observed  in  deep 
glucose  stabs,  but  when  fermentation  tubes  are  used  in  the  anaerobic 
chamber,  any  gas'  formed  is  absorbed  from  the  fluid,  and  accordingly 
results  are  inconclusive.  Also  it  was  necessary  to  test  all  fermentation 
tubes  for  living  organisms,  to  confirm  the  results  obtained,  and  sub- 
cultures were  very  often  sterile.  Negative  results  were  therefore  to 
be  interpreted  as  a  failure  to  obtain  any  culture  at  all. 

Ordiuary  broth  and  glucose  broth  were  unfavourable  media, 
and  therefore  could  not  be  used  for  testing  indol  production.  Xo 
indol  Was  found  in  bile  broth  after  seven  days. 

In/ bile  broth  acidified  with  1  per  cent,  acetic  acid  the  organism 
grow^  fairly  well,  and  survives  longer  than  coliform  organisms 
intr(7duced  with  it.  In  this  respect  it  resembles  the  members  of 
tbo  acidophilic  group  of  the  faecal  flora. 

There  was  no  growth  in  gelatin  at  room  temperature,  but  at 
37°  C.  a  fine  granular  sediment  settled  in  the  fluid  gelatin. 
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On  the  whole  the  organism  has  the  properties  of  a  feeble 
fermenter  of  sugars,  and  is  acidophilic,  or  "  aciduric,"  as  the  term  is 
used  by  Kendall. 

The  lengthy  and  detailed  account  of  this  organism  is  only  justi- 
fied by  the  fact  that  it  is  constantly  present  in  the  first  days  of 
life,  and  therefore  indicates  the  early  infection  of  the  alimentary 
tract  by  anaerobic  bacteria.  It  is  important  to  know  whether  it 
persists  in  the  fsecal  flora  and  whether  it  can  be  identified  with 
Tissier's  bacillus,  and  work  is  now  proceeding  on  these  lines. 

The  observations  of  Herter  suggest  that  it  is  identical  with 
Tissier's  bacillus,  but  in  the  present  investigation  it  is  found  to  differ 
in  the  lack  of  bifurcations  in  cultures,  in  its  failure  to  grow  in  glucose 
broth,  and  in  its  capacity  for  surface  grow^th,  which  Tissier  failed 
to  obtain. 

It  is  apparently  identical  with  Eodella's  organism  No.  in.,  but 
shows  more  varied  morphology  than  that  observer  described. 

According  to  Herter,  the  organism  known  as  Eodella's  B.  in.,  is 
the  early  representative  of  the  form  which  at  a  later  period  is  the 
dominating  organism  of  the  intestinal  flora  of  the  healthy  nursling, 
and  is  known  as  B.  hificlus. 

Summary. 

1.  The  addition  of  ox-bile  in  large  quantities  to  the  media  favours 
growth  of  strict  anaerobes  in  culture  of  early  intestinal  contents. 

2.  Two  types  of  strict  anaerobes  appear  in  the  intestinal  tract 
eight  to  twelve  hours  after  birth,  and  in  the  first  forty-eight  hours 
of  life  are  more  abundant  than  the  facultative  anaerobes  of  the 
coliform  type. 

3.  The  powerfully  fermentative  and  proteolytic  B.  acrogenes  was 
present  within  twelve  to  twenty-four  hours  after  birth,  in  all  cases 
examined.  The  other  anaerobe,  also  constantly  present,  is  acidophilic 
and  a  feeble  fermenter  of  sugars,  is  markedly  pleomorphic,  and  is 
atlected  by  symbiosis   and  by  variations  in   culture  media. 

4.  At  the  end  of  the  first  week  of  life,  facultative  anaerobes  of  the 
coliform  type  are  numerous,  but  the  same  two  obligate  anaerobes  are 
still  present  in  fairly  large  numbers,  and  can  be  demonstrated  by 
cultivation  in  special  media. 

My  acknowledgments  are  due  to  Dr.  D.  Eeid  for  preparing  the 
micro-photographs. 
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Plate  XIX. 


Fig.  1. — Smear  from  meconium,  two  days  after  birth.     Gram's  stain.     (  x  1000.) 

Fig.  2. — Colony  from  bile-albumin  plate.     Gram's  stain.     (xlOOO. ) 

Fig.  3. — Colony    on     blood-agar     slope.        Gram's     stain,     carbol-fuchsiu     counterstain, 

(xlOOO.) 
Fig.  4. — Later    stage    of    colony    on    blood-agar    slope.      Gram's    stain,     carbol-fuchsin 

counter-stain. 

Plate  XX. 

Fig.  5. — Older  culture  on  bile-albumin  plate.     Gram's  and  carbol-fuchsin  stain.     (xlOOO.) 
Fig.  6. — Colony  from  bile-serum  plate.     Methylene-blue  stain.     (xlOOO.) 
Fig.  7. — Young  pure  culture  in  bile  broth.     Gram's  and  carbol-fuchsin  stain.     (  x  1000.) 
Fig.  8.— Pure  culture  in  deep  glucose  agar  stab.  Gram's  and  carbol-fuchsin  stain.    (xlSOO.) 
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THE  INFLUENCE  OF  THE  AGE  OF  THE  PAEENT 
ON  THE  VITALITY  OF  THE  CHILD— A  FIRST 
STUDY. 

By  R.  J.  EWART,  M.D.,  M.Sc,  F.R.C.S.,  D.P.H., 
3Iedic<jl  Officer  of  Health,  Barking  Town. 

{From  the  Statistical  Laboratory  of  the  Lister  Institute  of 
Preventive  Medicine.) 

The  subject  I  propose  to  discuss  in  the  present  and  subsequent 
papers  is  of  importance  in  two  ways.  Popular  traditions  have  frequently 
implied  that  the  age  at  which  a  parent  begets  offspring  is  not  without 
influence  upon  the  characters  of  the  latter,  the  prevailing  belief  being 
humorously  portrayed  in  the  late  W.  S.  Gilbert's  ballad  "The  Preco- 
cious Baby."  Again,  recent  thinkers,  notably  Professor  Karl  Pearson, 
have  asserted  that  elder  born  children  differ  markedly  in  liabiHty  to 
certain  diseases  from  their  younger  brethren.  Were  this  view  to  be 
accepted  it  would  be  relevant  to  enquire  whether  the  difference  might 
not  be  a  function  of  the  age  of  the  parents  at  the  time  of  birth  of  the 
offspring  or  at  least  whether  such  difference  might  not  play  a  part 
in  bringing  about  this  result.  Assuming  that  any  such  effect  could 
be  demonstrated,  it  is  plain  that  a  valuable  stimulus  would  be  given  to 
the  study  of  physiological  changes  in  the  reproductive  system  ^^^thin 
the  fertile  period.  These  are  the  immediately  interesting  aspects  of 
the  subject,  but  with  them  I  am  less  directly  concerned  than  with 
certain  secondary  consequences. 

To  state  that  an  essential  prehminary  of  a  comparison  is  that  the 
things  to  be  compared  must  be  in  pari  materia,  may  seem  unnecessary, 
but  this  truism  is  in  constant  danger  of  being  forgotten.  We  are  all 
aware  that  the  crude  birth  or  death  rates  of  different  communities 
cannot  be  made  the  subjects  of  a  valid  comparison,  but  that  corrections 
for  age  and  sex  distribution  are  necessary.     The  introduction  of  these 
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corrections  has,  however,  tended  to  engender  a  feeUng  of  undue  confidence 
in  the  ease  of  interpreting  such  adjusted  ratios.  Quite  recently  warnings 
have  emanated  from  various  quarters  with  regard  to  this  point.  Thus 
Brownlee  has  pointed  out  in  this  Journal  that  the  customary  employ- 
ment of  a  corrected  death  rate  as  a  measure  of  salubrity  is  not  free 
from  doubt,  while  Hamer  in  his  presidential  address  to  the  epidemio- 
logical section  of  the  Royal  Society  of  Medicine  and  again  in  his  annual 
report  to  the  London  County  Council  has  dwelt  upon  the  possible  im- 
portance of  migration  as  a  factor  in  death  and  birth  rates  which  cannot 
be  entirely  allowed  for  by  means  of  age  and  sex  corrections.  Evidently 
if  the  age  at  which  a  child  is  begotten  or  conceived,  influences  not  merely 
the  probable  number  of  its  brothers  and  sisters  but  also  its  ow^n  physical 
or  mental  characters,  we  have  to  reckon  with  another  factor  in  the 
interpretation  of  a  changing  death  or  disease  rate.  It  will  not  be 
sufficient  to  allow  for  the  age  constitution  of  a  community,  it  will  be 
necessary  to  consider  that  of  the  previous  generation  as  well,  since, 
whatever  else  may  be  obscure,  it  is  certain  that  a  small  but  significant 
increase  in  the  average  age  at  marriage  has  taken  place  in  most  sections 
of  the  community.  For  these  reasons,  it  is  plain  that  an  attempt 
to  measure  the  influence  of  the  ages  of  parents  at  the  time  of  procreation 
or  conception  upon  the  longevity  of  their  offspring  is  worth  making, 
and  this  paper  contains  an  account  of  a  preliminary  eSort.  I  shall 
not  try  to  summarise  the  literature,  at  once  voluminous  and  meagre, 
which  has  some  more  or  less  direct  bearing  upon  my  theme  ;  much 
of  it  is  merely  traditional  and  theoretic,  little  of  it  is  based  upon  exact 
statistical  data  handled  in  an  appropriate  fashion.  Stanley  Hall's 
well-known  book  on  adolescence  contains  references  to  various  earlier 
papers,  and  additional  citations  will  be  found  in  Gini's  1912  paper, 
while  among  writers  who  have  treated  of  the  influence  of  order  of  birth, 
mention  should  be  made  of  Lucien  March,  Karl  Pearson  and  his  asso- 
ciates, Weinberg,  Yule  and  Greenwood,  Goring  and  Ploetz.  I  may 
also  refer  to  some  preliminary  notes  of  my  own,  cited  in  the  list  of 
references  appended.  This  paper  is  confined  to  a  study  of  the  influence 
of  parental  age  upon  the  longevity  of  offspring  and  age  at  marriage, 
and  the  data  used  will  in  the  first  place  need  careful  description.  These 
data  fall  into  four  series,  viz.  : 

The  first  was  collected  from  Burke's  Peerage,  1902,  and  related  to 
the  possible  influence  of  the  age  of  the  father  at  birth,  on  the  age  at 
death  of  sons  who  had  survived  to  the  15th  year  ;  the  first  male  born 
of  the  first  male  in  each  generation  only  being  considered. 
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The  second  was  collected  in  Middlesbrough,  through  the  agency 
of  the  Medical  Inspection  of  School  Children,  and  deals  with  the  age  of 
the  grandmother  at  the  birth  of  the  mother  and  the  number  of  children 
dying  before  adult  Hfe. 

The  third  also  collected  in  Middlesbrough,  through  the  agency 
of  the  Xotification  of  Births  Act,  permitted  the  consideration  of  the 
age  of  mother  at  birth  of  the  offspring  and  its  chance  of  li\nng  one 
year. 

The  fourth  and  last  collected  through  the  same  agency  as  the  third, 
had  for  its  object  the  possible  association  between  age  and  the  chance 
of  foetal  death  prior  to  term. 

It  will  be  observed,  that,  though  there  is  some  overlapping,  all 
periods  of  life  are  covered  and  further  that  both  parents  have  been 
dealt  with.  Unfortunately  data  were  not  obtainable  in  the  Peerage 
with  respect  to  the  age  of  the  mother.  It  is  obvious  that  in  an  enquiry 
of  this  kind,  both  parents  ought  to  be  considered,  for  should  an  associa- 
tion be  found  to  exist  in  the  case  of  the  male  parent,  it  might  arise 
from  the  ages  of  the  uniting  ovum  and  sperm  or  the  environmental 
influence  of  the  mother's  age,  subsequent  to  fertilization.  We  can 
now  consider  each  series  in  detail,  indicating  the  corrections  that  should 
be  made  and  such  fallacies  as  are  dependent  upon  the  method  of  collect- 
ing the  data. 

Age  of  Father  at  Soil's  Birth,  and  Age  at  Death  of  Adult  Sons. 

The  peculiarities  of  this  series  of  observations  which  should  be  borne 
in  mind  are  as  follows : 

(a)  The  oldest  males  only  were  considered.  That  is,  only  instances 
where  the  father  was  the  eldest  born  and  the  son  whose  age  at  death 
was  recorded  was  also  the  first  male  born.  Unfortunately  the  actual 
position  in  the  family  of  the  person  under  consideration  is  not  given  in 
the  raw  material. 

(6)     Only  such  sons  as  survived  the  15th  year  are  considered. 

(c)     All  deaths  through  violence  were  excluded  so  far  as  recorded. 

It  has  already  been  shown  by  Beeton,  Pearson  and  Yule,  that 
a  correlation  exists  between  the  length  of  Ufe  of  the  father  and  that 
of  the  son  which  is  equal  to  "12.  Xow  it  is  obvious  that  a  child  born 
of  an  elderly  parent  may  be  influenced  in  two  ways:  (1)  He  may  tend 
to  survive  to  a  mature  age  because  his  father  has  already  done  so 
and  (2)  his  life  expectancy  may  be  curtailed  because  his  parents  were 
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old  when  he  was  boru.  Hence  partial  correlations  must  be  formed, 
with  the  age  of  the  father  at  death  constant.  The  following  three 
correlation  tables  were  drawn  up  : 

(I)  Age  of  father  at  birth  of  son  and  age  of  son  at  death. 

(II)  Age  of  father  at  death  and  age  of  son  at  death. 

(Ill)    Age  of  father  at  birth  of  son  and  age  of  father  at  death. 
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The  values  of  the  correlation  disclosed  by  the  tables  are  as  follows  : 
Age  of  father  at  birth  (1)  and  son  at  death  (2),  r  =  -0345  ±  -023 
Age  of  father  at  death  (3)  and  son  at  death  (2),  r  =  -2248  ±  -0248 
Age  of  father  at  birth  of  son  (1)  and  death  (3),  r  =  -2543  ±  -0229 
It  is  to  be  observed  that  the  second  coefficient  is  much  larger 
than  that  previously  given  by  Prof.  Pearson  and  Miss  Beeton,  namely 
•135  ±  -0209,  and  the  matter  needs  further  discussion.  In  the  first 
place  the  correlation  surface  is  not  a  random  sample  of  the  type  de- 
scriptive of  the  degree  of  association  obtaining  in  the  whole  "population" 
of  fathers  and  sons  owing  to  the  restriction  as  to  age  and  birth  order 
already  mentioned.  So  far  as  the  former  is  concerned  the  same  selection 
was  practised  by  Beeton  and  Pearson  in  their  paper  of  1899  {Proceedings, 
Royal  Society)  which  also  dealt  with  peerage  data,  and  the  correla- 
tions they  obtained  are  decidedly  smaller  than  mine  ;  but  they  did 
not  restrict  the  analysis  to  first  male  births.  This  may  partly  account 
for  the  discrepancy  between  our  results.  It  will  be  noticed  that  there 
is  far  less  difference  in  mean  age  and  variability  of  father  and  sons 
in  my  data  than  in  that  of  Beeton  and  Pearson.  It  will  be  remembered 
that  the  latter  pointed  out  {op.  cif.  p.  292,  etc.)  that  the  filial  generation 
was  less  stringently  selected  than  the  parental.  The  observed  correla- 
tion was  necessarily  lowered,  there  being  a  mixture  of  material  due 
to  the  operation  of  that  fraction  of  the  death  rate  which  is  really  non- 
selective upon  the  sons.  It  appears  probable  that  the  further  selection 
in  confining  oneself  not  only  to  adult  firstborn  males,  but  to  those 
who  actually  survived  their  fathers,  is  a  sufficient  explanation  of  the 
difference.  Whether  my  value  is  a  really  adequate  measure  of  the 
force  of  inheritance  in  respect  of  longevity  and  what  part  is  played 
in  heredity  by  the  influence  of  the  age  of  the  parents  at  birth  of  the 
son  cannot  be  stated  off-hand. 

In  the  following  table  (p.  460)  are  the  constants  as  given  by  Beeton 
and  Pearson  in  their  1899  paper  and  found  from  the  above  data. 
If  we  now  make  age  of  father  at  death  constant  then 

ri2  =  -  -0431  ±  -0239. 

The  conclusion  or  rather  suggestion  is  that  as  the  father  increases 
in  age  at  the  birth  of  the  son,  the  life  expectancy  of  the  son,  who  has 
already  survived  to  the  16th  year,  tends  to  be  curtailed.  The  correlation 
ratio  for  means  of  arrays  of  sons'  ages  at  death  for  various  ages  of 
fathers  at  birth  of  sons  =  -3394  ±  -0389,  and  when  corrected  by  Pearson's 
method  {Biometrika,  viii)  the  value  approximates  to  -3042. 


Beeton  and  Pearson's 

data (1899) 

Present  Paper 

65-835 

67-14 

68-775 

65-84 

14-6382 

14-24 

17-0872 

14-20 

01149± -0210 

-2214  ±  -0248 

— 

•3394  ±  -0389 

— 

•3042 
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Mean  age  of  Fathers  at  death* 
Mean  age  of  Sons  at  death 
Standard  Deviation  (Fathers) 
Standard  Deviation  (Sons) 
CoeflBcient  of  correlation 
Correlation  ratio  ( Fathers)! 
Corrected  %  . . 

♦  The  mean  age  of  fathers  who  were  Peers  is  one  and  a  half  years  greater  than 
the  sons  who  succeeded  them.  This  is  due  to  the  fact  that  a  proportion  did  not  inherit 
the  title  and  hence  would  be  of  a  mature  age  when  it  was  conferred  upon  them. 

■f  Any  distribution  has  two  correlation  ratios ;  the  word  in  brackets  indicates  which 
has  been  calculated,  e.g.  correlation  ratio  (fathers)  denotes  the  coefficient  obtained  from 
the  means  of  arrays  of  fathers. 

X  The  correlation  for  i;  is  calculated  by  the  method  described  by  Prof.  Pearson,  1912. 

If  we  replaced  number  of  years  lived  by  the  death  rate  at  ages  and 
thus  reversed  the  order  of  our  categories,  the  association  would  become 
positive  and  we  might  say  that  the  death  rate  at  ages  increases  with 
the  age  of  the  father  at  birth.  This  change  as  will  be  seen  subsequently 
would  bring  the  present  series  of  observations  into  line  with  the 
remainder. 

The  Age  of  the  (Trandniother  at  the  Birth  of  the  Mother  and  the  Number 
of  Children  dying  in  the  Family. 

This  enquiry  as  already  stated  was  carried  out  in  Middlesbrough 
through  the  agency  of  the  Education  Act  (Administrative  Provisions) 
1907,  or  what  is  known  as  the  Medical  Inspection  of  School  Children, 
The  method  was  as  follows  :  All  children  in  their  8th  year  were  selected 
and  their  parents  invited  to  attend  the  examination  ;  of  the  total 
number,  50  %  complied.  The  sample  thus  obtained  can  be  regarded 
as  comprehensive  and  is  such  that  it  reaches  each  family  once  only. 
It  is  obvious,  however,  that  the  material  is  a  selection  and  not  a  random 
sample  because  it  ignores  all  sterile  matings  and  those  in  which  all 
the  children  born  have  died  before  the  8th  year  ;  further  the  representa- 
tion of  families  of  various  sizes  is  directly  proportional  to  the  number 
that  survive.  Hence  the  larger  the  family  the  greater  the  chance 
of  its  possessing  a  member  8  years  old. 

According  to  the  work  of  Weinberg,  Macaulay,  Yule  and  Green- 
wood it  appears  that  considerable  caution  must  be  exercised  in  basing 
deductions  on  data  collected  in  this  way,  as  the  possible  statistical 
fallacies  are  numerous  and  in  some  respects  cannot  be  corrected. 
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One  error  which  tells  against  a  positive  conclusion  arises  from 
the  fact  that  if  age  at  birth  is  detrimental  to  the  sur\'ival  value  of  the 
family,  it  is  obvious  that  those  families  which  have  been  hit  the  hardest 
are  only  represented  in  our  data  in  proportion  to  the  chance  of  one 
of  the  survivors  being  8  years  old,  which,  even  if  the  family  was  originally 
large,  might  be  small,  under  the  method  of  selection  adopted. 

It  is  to  be  regretted  that  no  allowance  has  been  made  for  the  length 
of  time  the  mother  had  been  married,  as  the  age  at  marriage  was  not 
obtained  in  the  original  data.  To  assume  that  the  mean  reproductive 
periods  in  the  categories  chosen  will  be  approximately  equal  is  an 
assumption  that  is  hardly  justifiable.  Bearing  these  reservations  in 
mind  we  may  proceed  to  discuss  the  actual  findings.  The  information 
obtained  from  each  mother  or  responsible  guardian  was  (1)  present 
age  of  mother  ;  (2)  age  of  grandmother  if  living,  or  age  she  would  have 
been  had  she  lived  ;  (3)  the  number  of  children  born  to  mothers — still 
births  are  included,  but  not  miscarriages  ;    (4)  the  number  dead. 

It  is  to  be  noted  that  information  relative  to  ages  is  fairly  reliable, 
owing  to  the  widespread  use  of  insurance  against  burial  expenses 
at  death.  As  in  the  previous  case,  partial  correlation  was  used  and 
the  problem  was  to  find  the  value  of  the  association,  if  any,  between 
the  age  at  which  the  mother  was  born  and  the  number  dying  for  total 
number  born  constant. 

The  correlations  for  the  above  tables  are  as  follows  : 

Age  of  grandmother  at  birth  of  mother  (1)  and  number  dead  (2)  : 

ri2=  -0238  ±  -0213. 
Number  of  children  dead  (2)  and  size  of  family  (3)  : 

r23  -  -7230  ±  -0109. 
Size  of  family  born  (3)  and  age  of  grandmother  at  birth  of  mother  (1)  : 

ri3  -  -0641  ±  -0150. 

Testing  our  crude  correlations  for  linearity,  we  have  for  age  of 
grandmother  at  birth  of  mother  and  number  dying : 

7^12  (number  dead)  =  •076. 

Corrected  r]^^  =  -0314  ±  -0209, 

Vis  (age)  =  -139. 

Corrected  77^3  =  -1015  ±  -0208. 

There  may  be  some  non-linearity  with  respect  to  the  age  categories, 
still  a  partial  correlation  should  give  a  little  information. 
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TABLE 

VI. 

Size 

of  faim 

lly  i 

2nd 

number  dead. 

Size  of  family 

No.  dead 

1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16     17 

18     19 

Totals 

,     0 

31 

73 

71 

82 

49 

27 

16 

7 

4 

4 

1 

365 

•      1 

12 

44 

51 

62 

36 

15 

21 

14 

4 

0 

1 

1 

261 

2 

14 

20 

27 

38 

30 

40 

11 

11 

3 

1 

1 

1 

197 

3 

1 

10 

17 

13 

18 

17 

10 

7 

2 

0 

2 

97 

4 

1 

6 

6 

10 

10 

13 

8 

1 

1 

3 

2 

61 

6 

5 

2 

1 

1 

4 

6 

5 

2 

26 

6 

1 

3 

2 

3 

1 

4 

1 

1 

1 

17 

7 

2 

1 

2 

2 

2 

1 

1 

11 

8 

1 

0 

1 

1 

1 

1 

1 

6 

9 

1 

0 

0 

1 

2 

10 

3 

1 

4 

^     11 

1 

1 

12 

1 

1 

2 

Totals  ..31     85  129  154  149  124     86  101     61     48     27     18     12     17       4      2      0      0       2     1050 
<T^  =  3122.     o-y  =  1-84.     r  =  -723  ±  -0109.     Mean  size  of  family  5-77.     Mean  number  dead  1-56 

Age  of  grandmother  at  birth  of  mother  and  number  dying  in  the 
family,   total  number  constant : 

3^12  =  -0943  ±  -0174. 

This  would  suggest  that  as  the  age  at  which  the  mother  was  born 
increases,  the  chance  of  her  rearing  all  her  children  decreases.  It  is 
of  interest  to  note  that  the  association  having  regard  to  its  probable 
error  is  more  significant  than  in  our  first  series.  Had  the  present 
data  been  as  reliable  we  should  have  been  justified  in  assuming  that 
the  effect  of  parental  age  at  birth  is  more  marked  in  early  life  than 
at  the  more  mature  ages. 

The  Age  of  the  Mother  at  Birth  of  Child  and  its 
chance  of  living  one  year. 

The  third  series  of  observations  dealing  with  the  possible  association 
between  age  of  mother  at  birth  and  chance  of  living  one  year  is  also 
subject  to  certain  reservations  : 

(1)  The  data  deal  only  with  a  poor  class  population. 

(2)  Only  such  as  remain  in  the  town  for  one  year  are  considered. 

(3)  A  fair  number  are  lost  owing  to  migration.  These  are  usually 
the  latter  born,  for  it  is  the  parents  of  such  who  are  most  aJSected  by 
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trade  fluctuations.     The  number  lost  in  this  way  is  a  Httle  over  5% 
of  the  whole  number.     The  information  collected  was  : 

(1)  Age  of  mother  at  birth. 

(2)  Order  of  birth.     (Miscarriages  and  still  births  are  included.) 

(3)  Whether  living  or  dead  at  end  of  the  year.  This  information 
is  of  course  furnished  by  the  Registrar  to  all  Health  Departments. 
The  method  adopted  was  as  follows :  A  table  was  formed  (Table  VII) 
with  age  of  mother  at  birth  and  order  of  birth  as  abscissae  and  ordinates 
respectively,  and  in  each  appropriate  square  the  number  born  and  the 
number  dead  at  the  end  of  the  year  were  placed  and  the  death  rate 
for  each  age  and  order  worked  out.  This  table  was  then  turned  into 
two  sub-tables  : 

(1)  Infantile  Mortahty  and  age  of  mother  at  birth. 

(2)  Order  of  birth  and  Infantile  Mortality. 

The  figures  in  the  squares  being  the  number  of  observations  upon 
which  the  various  mortality  categories  are  based.  The  third  table, 
Age  of  mother  at  birth  and  order  of  birth,  was  taken  from  the  original 
table. 

The  constants  obtained  from  these  tables  are  : 

Age  of  mother  at  birth  of  offspring  (1)  and  order  of  birth  (3)  : 

ri3=  -6128  ±  -0051. 
Age  of  mother  at  birth  of  offspring  (1)  and  infantile  mortahty  (2)  : 

^12-  -1157  ±  -0142. 

Order  of  birth  (3)  and  infantile  mortahty  (2)  : 

^23  =  +  -0367  ±  -0208. 

Taking  the  age  of  mother  at  birth  of  offspring  and  infantile  mortality, 
with  order  constant : 

37-12  =  -1179  ±  -0143, 

and  birth  sequence  and  infantile  mortality  with  age  of  mother  at  birth 
constant : 

1^23  =  -  -0531  ±  -0205. 

Testing  these  for  hnearity  of  regression,  order  of  birth  and  infantile 
mortality 

7]  (order)  -  -2403,  -q  (corrected)  =  -2254  ±  -0145. 

Age  of  mother  and  infantile  mortality  : 

■q  (mortahty)  =  -2939,  77  (corrected)  =  -2810. 


TABLE  VII.     Number  of  birlhs  and  deaths  in  jirsL  ijear  according  to 
age  of  mother  at  birth  and  order.  p 
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No.  of  births 

437  313 

"269 

212 

195 

187 

149 
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4   4 
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No.  of  deaths 
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The  regression,  therefore,  is  markedly  non-planar.  This  is  probably 
due  to  the  faet  that  the  data  are  heaped  up  in  the  two  extreme  cate- 
gories, namely,  mortality  of  -0-5  %,  the  largest  portion  consisting  of 
families  in  which  none  have  died  in  the  first  year  and  mortalities  of 
90-100%,  mainly  those  families  in  which  all  have  died  (a  fact  which  in 
the  majority  of  cases  was  due  to  syphilis).  In  spite  of  these  reservations, 
I  think  we  can  conclude  that  as  the  age  of  the  mother  advances,  the 
chance  of  the  child  surviving  decreases,  and  as  the  family  gets  larger, 
other  things  being  constant,  the  probability  of  its  living  one  year 
increases.  Findings  which  are  on  the  whole  corroborated  by  one's 
general  impressions.  Since  the  third  series  is  restricted  to  infantile 
mortality  which  is  only  a  part  in  the  second  series,  the  suggestion  is 
that  the  influence  of  parental  age  hardly  affects  the  adolescent  period  of 
life.  It  must,  however,  be  remembered  that  the  methods  of  tabulation 
were  not  the  same  in  the  two  cases. 


Present  Age  of  Mother  and  Number  of  Accidents  in  previous  Family. 

The  fourth  and  last  series  was  obtained  with  the  object  of  ascertain- 
ing the  possible  association  between  the  age  of  the  mother  and  the 
death  of  the  foetus  prior  to  full  gestation ;  the  data  were  collected 
in  Middlesbrough  on  the  occasion  of  a  birth.  The  mother  being  asked 
(1)  the  number  of  live  births  she  had  had  ;  (2)  the  number  of  deaths 
in  the  first  year  ;  (3)  the  number  of  miscarriages  and  still  births.  It  is 
to  be  noted  first,  that  the  enquiry  was  limited  to  certain  working  class 
districts  of  the  town,  though  all  births  were  reached  that  occurred  in  that 
area,  and  secondly,  that  each  category  is  assumed  to  include  the  experience 
of  the  previous  ones.  This  is  not  quite  true,  as  the  smaller  families  tend 
to  be  restricted  to  ages  centring  round  the  29th  year  and  are  more  rarely 
found  in  the  early  and  late  periods.  The  data  are  on  these  accounts 
obviou.sly  not  homogeneous.  The  findings,  however,  in  the  previous 
series  that  size  of  family  does  not  seriously  affect  infantile  mortality 
when  age  is  made  constant,  should  remove  this  objection. 

The  data  are  as  follows  : 
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TABLE   VIII. 

Histories  of  mothers  with  respect  to  accidents,  deaths   in  first  year, 
and  number  of  births  in  first  year. 


Age  of 

No.  of 

No.  of 

No.  of 

mother 

enquiries 

births 

Accidents 

Rate 

deaths 

Rate 

16 

4 

4 

0 

0 

0 

0 

17 

10 

10 

0 

0 

0 

0 

18 

26 

32 

6 

188 

2 

63 

19 

51 

63 

1 

16 

6 

95 

20 

82 

111 

3 

27 

9 

81 

21 

89 

154 

12 

78 

14 

26 

22 

102 

218 

19 

87 

16 

73 

23 

129 

313 

19 

61 

31 

99 

24 

118 

321 

24 

75 

39 

121 

25 

110 

321 

18 

56 

37 

115 

26 

110 

384 

31 

81 

48 

125 

27 

100 

399 

36 

90 

66 

165 

28 

103 

421 

26 

62 

66 

157 

29 

98 

463 

27 

58 

59 

127 

30 

101 

426 

41 

96 

75 

176 

31 

68 

307 

16 

52 

31 

101 

32 

88 

522 

36 

69 

61 

117 

33 

75 

479 

32 

67 

66 

138 

34 

77 

559 

68 

122 

69 

123 

35 

61 

437 

26 

60 

44 

111 

36 

63 

413 

25 

61 

59 

143 

37 

54 

425 

33 

78 

68 

160 

38 

44 

396 

47 

119 

45 

114 

39 

40 

381 

61 

158 

62 

163 

40 

41 

393 

34 

87 

60 

153 

41 

9 

110 

8 

73 

17 

155 

42 

23 

289 

44 

152 

44 

152 

43 

12 

138 

13 

94 

12 

86 

44 

12 

128 

12 

94 

30 

234 

45 

3 

42 

4 

95 

1 

24 

46 

3 

30 

4 

133 

1 

33 

47 

1 

9 

0 

0 

2 

222 

48 

1 

13 

0 

0 

1 

77 

49 

1 

12 

0 

0 

2 

106 

Totals 


1909 


8728 


726 


86 


1143 


119 


Correlating    these   directly    and    using   the    column    "  Number   of 
Enquiries  "  as  weights,  we  have  : 

Present  age  of  mother  and  infantile  mortality  in  previous  family  : 

r  =  -0425  ±  -0210  ; 


30—2 


468  Vital  if  !l  of  the   CJiihl 

present  age  of  mother  and  accident  rate  in  previous  family  : 

r  =  -2886  ±  -018  ; 
infantile  mortality  rate  and  accident  rate : 

r  =  4006  ±  -0064. 

Considering  the  problem  from  the  point  of  view  of  individual  families 
we  see  that  as  the  age  of  the  mother  increases  so  does  the  chance  of 
the  child  dying  either  before  or  after  birth  increase,  the  correlation 
in  the  former  case  being  about  seven  times  that  in  the  latter.  It  is  of 
interest  also  to  note  the  high  correlation  between  death  before  and 
after  birth. 

Putting  the  foregoing  results  together  Ave  have, 

(1)  Present  age  of  mother  and  miscarriage  rate  in  previous  family  : 

r  =  -2886  ±  -018  ; 

(2)  Age  of  mother  at  birth  of  offspring  and  infant  mortality  : 

r^  -1179  +  -0143; 

(;3)  Age  of  grandmother  at  birth  of  mother  and  number  of  family 
dying  before  adult  life  : 

r  =  -0943  ±  -0174  ; 

(4)     Age  of  father  at  birth  of  son  and  longevity  of  sons  : 
r  =  -  -0431  ±  -0239. 

If,  however,  we  could  exclude  from  (3)  the  association  due  to  infantile 
mortality,  it  might  approximate  to  zero  or  actually  become  negative. 
It  is  possible  that  we  are  dealing  with  two  different  things,  namely, 
sthenic  and  asthenic  deaths.  In  the  former  the  reactions  of  the 
organism  are  so  excessive  as  to  cause  death,  whilst  in  the  latter  the 
death  is  due  to  their  relative  absence.  In  infancy  and  late  life  death 
is  mainly  asthenic,  whilst  in  the  adolescent  period  it  is  sthenic.  If 
this  is  so,  then  a  negative  correlation  for  the  adolescent  period  would 
be  expected.  The  above  consideration,  though  it  goes  beyond  the 
data,  is  a  useful  suggestion  as  it  indicates  that  the  next  step  in  the 
enquiry  must  be  the  consideration  of  age  of  parent  at  birth  of  offspring 
and  cause  of  death,  age  at  death  being  kept  constant. 

Age  of  Father  at  birth  of  Son  and  Age  of  Son  at  Marriage. 

As  evidence  has  already  been  given  which  lends  considerable  force 
to  the  behef  that  the  number  of  years  that  a  person  will  live  partly 
depends  upon  the  age  of  the  parents,  when  he  or  she  was  born,  it 
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is  not  unreasonable  to  consider  whether  fertility  is  also  influenced 
by  the  same  factor.  Before  such  an  enquiry  can  be  undertaken, 
the  factors  limiting  the  reproductive  period  must  be  clearly  defined. 
The  termination,  that  is  death,  has  already  been  dealt  with  in  the 
present  paper,  and  the  beginning,  namely  age  at  marriage,  will  now 
be  examined. 

The  data  on  which  this  investigation  is  based  have  been  taken 
from  Burke's  Peerage,  and  to  produce  as  much  homogeneity  as  possible 
only  eldest  born  sons  of  eldest  born  fathers  are  considered.  The 
characters  chosen  were  : 

(1)  Age  of  father  at  birth  of  his  son. 

(2)  Age  of  son  at  marriage. 

(3)  Age  of  father  at  death. 

(4)  Age  of  father  at  marriage. 

Beyond  the  two  fundamental  factors  it  is  necessary  to  allow  for 
any  hereditary  tendency,  first  in  respect  to  marriage,  for  if  the  father 
mates  early  the  son  is  likely  to  do  so,  and  secondly  in  respect  to 
death,  for  if  the  father  dies  early  it  is  likely  to  hasten  the  marriage 
of  the  son,  as  he  will  assume  his  full  authority  at  an  earUer  date,  and 
should  he  be  a  minor  at  the  time  there  will  be  every  social  reason  for 
his  marriage  at  the  earliest  moment  that  convention  allows,  hence 
it  is  necessary  to  examine  any  association  that  may  exist  between  the 
factors :  Age  of  the  father  at  marriage  and  age  of  son  at  marriage. 
Age  of  father  at  death  and  age  of  son  at  marriage,  and  should  such  prove 
to  exist,  suitable  allowance  must  be  made.     The  values  are  as  follows : 

Age  of  father  at  birth  of  son  (1)  and  age  of  son  at  marriage  (2)  : 

ri2  =  -  -0175  ±  -0247. 
Age  of  father  at  birth  of  son  (1)  and  age  of  father  at  marriage  (4)  : 

ri4  = -7338  n -0114. 
Age  of  father  at  birth  of  son  (1)  and  age  of  father  at  death  (3)  : 

ri3  =  -2534  ±  -0232. 
Age  of  father  at  marriage  (4)  and  age  of  father  at  death  (3)  : 

r^  =  -1620  ±  -0239. 
Age  of  son  at  marriage  (2)  and  age  of  father  at  death  (3)  : 

r^  =  -2219  ±  -0236. 
Age  of  son  at  marriage  (2)  and  age  of  father  at  marriage  (4)  : 

r,^  =  -0463  ±  -0243. 
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Onlv  two  of  these  coefficients  require  note  as  the  other  four  must 
necessarily  be  large  owing  to  the  nature  of  the  data,  r^g  is  negative, 
though  small ;  as  all  the  others  are  positive,  it  will  be  larger  and  still 
negative  when  the  other  variables  are  made  constant.  r24  is  small  but 
positive,  this  is  due  not  to  a  transmitted  tendency,  but  to  the  fact  that 
the  data  cover  a  large  period  of  time  during  which  the  marriage  con- 
ventions have  altered,  and  hence  a  slight  positive  association  is  produced. 
The  restriction  of  the  data  as  already  narrated  was  not  sufficiently 
stringent  to  remove  it.  Making  the  age  of  the  father  at  death  and 
marriage  constant,  we  have : 

3^ri2=  --1107  ±-0211. 

It  would  thus  appear  that  a  negative  association  exists  between 
the  age  of  the  father  when  the  son  is  born  and  the  age  at  which  the 
latter  marries.  It  must  be  admitted  that  the  value  obtained  is  open 
to  doubt ;  it  is  questionable  as  to  whether  it  is  really  necessary  to  make 
the  age  of  the  father  at  death  constant  in  all  cases,  for  it  may  be,  that 
only  in  the  instances  in  which  the  son  is  a  minor  at  the  father's  death 
is  correction  needful.  Still,  if  we  suppose  that  the  true  value  lies 
between  —  -1107  and  —  -0175,  the  total  and  partial  values,  it  would 
still  suggest  that  a  negative  association  exists. 

A  seventh  table  has  been  added  to  the  above  series,  namely.  Age 
of  father  at  marriage  and  age  at  death  of  eldest  son  ;  in  this  case 
r  =  —  -0298  ±  -0246,  this  lends  support  to  the  value  of  the  partial  r 
found  for  Age  of  father  at  birth  of  son  and  age  of  son  at  death, 
namely  r  -  -  -0434  ±  -0239. 

The  following  series  of  observations  are  of  some  interest  if  the 
data  can  be  said  to  be  free  from  fallacy. 

The  information  was  obtained  from  such  parents  as  attended  the 
examination  of  their  children  under  the  provisions  of  the  Education 
Act  of  1907.  As  the  particulars  under  consideration  were  limited 
to  one  age  period,  each  pair  was  recorded  once  only.  It  is  to  be  noted, 
however,  that  when  information  is  obtained  through  the  medium 
of  offspring  respecting  characters  pertaining  to  the  parents,  it  is  subject 
to  certain  fallacies  that  have  already  been  mentioned  and  it  may  be 
that  the  following  results  are  dependent  on  the  number  of  surviving 
children  possessed  by  certain  of  the  categories  into  which  the  data 
were  divided,  rather  than  a  consequence  of  the  existence  of  a  relation- 
ship between  the  age  of  the  parents  at  birth  of  mates.  This  association 
is  to  be  expected  if  age  at  birth  inflnences  age  at  marriage,  for  if  a  man 
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mates  early  because  his  father  was  old  when  he  was  bom,  that  man 
must  possess  qualities  which  differentiate  hun  from  others,  and  in  so 
Tafas'rsrtaive  mating  is  an  accepted  fact  a  positive  correlation 
should  exist  between  the  ages  of  parents  at  birth  of  mates^ 

The  point  is  one  of  interest  and  it  would  be  advisable  that  thi 
portion  of  the  enquiry  should  be  re-examined  thimigh  the   material 
^r^'lv  obtained  by  the  Registrars  on  the  occasion  of  the  registration 
of  a  marriage.     The  constants  for  these  observations  are  : 

Age  of  mother  at  birth  of  husband,  and  age  of  mother  at  birth  of  wife  : 

r  =  -01798  =  -0194. 
It  mav  be  doubted  whether  it  is  justifiable  to  regard  age  as  a  simple 
variable  or  to  consider  defimte  periods  of  time  as  representative  o 
changes  that  occur  in  an  organism,  dependent  -Po-;^--  -;  '    "^^ 
is  to  say,  it  is  doubtful  whether  the  period  designated  by  the  .Oth 
year  meLres  something  similar  to  that  of  the  20th^    If  this  is  tbe  case 
ihen  a  contingency  table  would  give  a  better  reflection  of    he  bias 
if  such  exists,  than  the  fitting  of  a  straight  hne  to  a  ser.es  of  means. 
The  coefficient  of  contingency  C,  =  -1654.     If  corrected 
^2  =  -0964  ±  -0214 

1  —  C* 
(approximate  only,  computed  by     ^7^  ^  -67449). 

If  we  evaluate  the  correlation  ratio 

7,  (husbands'  mothers)  =  -06496  ±  -0181. 
The  hnear  prediction  formula  is  7  ==  28-484  -f  -01831  Z  years. 
We  conclude  that  a  small  association  does  exist  but  that  the  regres- 
sion is  probably  not  strictly  hnear.     Turning  now  to  the  age  of  the 
father,  we  have  the  following  coefficients  :  ^    ,     •  r 

Age  of  father  at  birth  of  husband,  and  age  of  father  at  birth  ot  wite  . 

r  =  -0524  ±  -0221. 
Coefficient  of  contingency  C^  =  -1954  i  -02799. 
If  corrected  C,  =  -0931  and  the' correlation  ratio  for  arrays  of  hus- 
bands'  fathers 

7j  =  -1233. 

If  corrected  V  =  '0997  ±  -02184. 

The  association   between   age   of  father  at  birth  of   husband  and 
age  of  father  at  birth  of  wife  is  more  marked  than  in  the  case  of  mothers. 
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TABLE    XV. 

Age  of  father  at  birth  of  husband. 

20  &  uiulcr  21—25 

20—30 

31—35 

36 — 10      41 

&  over 

Totals 

20  &  uiuicr 

2                 8 

9 

10 

5 

3 

37 

21—25 

U               4() 

39 

28 

36 

25 

183 

25—30 

11               50 

09 

47 

30 

22 

229 

31—35 

8                52 

81 

47 

22 

19 

229 

3<>— 40 

5               2() 

28 

30 

32 

15 

136* 

41  &  over 

6               24 

34 

33 

27 

15 

139 

Totals  .. 

41            206 

260 

195 

152 

99 

953 

Q,,=  -1954± 

;  -02799.     Order  of 

probability 

about  -1. 

<r,,fe=M411. 

O'hUil).  = 

1-3717. 

r  =  -0524.     ijwife  = 

■1223.     ± 

n^^^'v^- 

~r^=  2-  5287. 

*  Calculated  by  Blakeman's  Formula. 
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TABLE    XVI. 
Age  of  mother  at  birth  of  husband. 


20  &  under  21—25 


g  ^  20  &  under 


21—25 
26—30 
31—35 
36—40 
41  &  over 
Totals  .. 


23 
41 
49 
26 
22 
9 
170 


32 
101 
91 
90 
31 
23 


26—30 
28 
95 
97 
80 
46 
30 


31—35 
23 
62 
51 
58 
39 
13 


36—40 
20 
35 
39 
25 
19 
15 


41  &  over 

8 
23 
16 
13 

6 

5 


368 


376 


246 


153 


71 


Totals 
134 
357 
343 
292 
163 
95 


1384 


Cr  =  -16.54+  -0214.     <r|,u,,,.  =  1-3554.     (t^-h^  =  1-3801.     r  =  -01798 ^  -0194. 
VhuA,.  =  -06496.     Linearity  =  1-7.     Equation   Y  =  28-484  +  -01831  X. 

If  then  it  can  be  assumed  that  these  coefficients  are  not  dependent 
on  any  statistical  fallacy,  they  lend  support  to  the  original  proposition, 
namely  that  the  age  at  which  mating  occurs  is  to  some  extent  determined 
by  the  ages  of  the  parents  when  the  parties  concerned  were  born. 

I  am  aware  of,  and  have  done  my  best  to  emphasise,  the  defects 
inherent  in  the  data  used  in  the  present  enquiry,  and  a  necessary 
consequence  of  these  imperfections  is  that  several  inferences  can  only 
be  drawn  with  hesitation. 

I  think,  however,  that  the  concordance  of  the  various  results  is 
sufficient  to  allow  me  to  conclude  that 

(1)  The  ages  of  parents  at  the  time  of  birth  of  their  offspring 
are  sensibly  correlated  with  the  latter's  length  of  life,  the  sign  of  the 
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association  being  negative.  The  absolute  value  of  the  correlation  is, 
however,  small. 

(2)  This  unfavourable  influence  acts  principally  at  the  beginning  of 
life,  becomes  less  marked  during  the  adolescent  period  and  perhaps  again 
becomes  prominent  at  the  end  of  life. 

I  hope  in  a  subsequent  communication  to  deal  with  other  aspects 
of  this  problem. 
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THE   STERILITY   OF   NORMAL   URINE   IN    MAN. 
By    EDWARD    C.    HORT,    F.R.C.P.    Ediu. 

{From  the  Lister  Institute.) 

It  appears  to  be  widely  believed  that  normal  human  urine  as  voided 
is  sterile,  and  that  the  fact  of  sterility  is  capable  of  ready  demonstration. 

The  main  grounds  for  this  belief  are  the  well-known  experiments 
on  the  subject  by  Lord  Lister,  and  the  innumerable  negative  cultural 
results  that  have  since  been  obtained  after  inoculation  of  laboratory 
media  with  unincubated  urine  or  its  centrifugal  deposits. 

When,  however,  the  experiments  of  Lord  Lister  are  carefully  studied 
it  is  at  once  apparent  that  they  do  not  prove  the  sterility  of  normal 
urine,  as  he  would  have  been  to-day  the  first  to  acknowledge.  For 
example  many  of  the  specimens  of  urine  that  he  examined  for  evidence 
of  sterility  were  allowed  to  stand  at  room  temperature  for  considerable 
periods,  and  if  no  organisms  were  then  found,  or  if  the  urine  remained 
clear,  it  was  assumed  that  none  were  present. 

Evidence  of  this  nature,  however,  is  on  theoretical  grounds  hardly 
admissible  because  incubation  of  the  urine  at  body  temperature  might 
conceivably  be  necessary  to  allow  of  multiplication  of  infecting  organisms 
to  take  place.  This  possible  explanation  of  Lord  Lister's  deductions 
from  his  experiments  on  the  sterihty  of  normal  urine  was  therefore  put 
to  the  following  simple  test. 

Experiment  1. 

An  ordinary  specimen  of  male  urine  from  a  healthy  subject  was  received  into 
two  sterile  flasks,  which  were  at  once  closed  with  sterile  rubber  corks.  Flask  1  was 
incubated  at  body  temperature  for  48  hours,  and  its  contents  were  then  found  to  bo 
turbid  from  the  presence  of  large  Gram  positive  dividing  cocci.  Flask  2  was  allowed 
to  stand  at  room  temperatin-e  for  10  dajs,  and  at  the  end  of  this  time  the  urine  was 
found  to  be  perfectly  clear.  This  flask  was  then  placed  in  the  incubator  for  48 
hours,  and  the  contained  urme  was  at  the  end  of  this  time  found  to  be  turbid  from  the 
presence  of  large  Gram  positive  dividing  cocci.  Two  peptone  agar  tubes,  which  had 
each  been  inoculated  with  the  invisible  centrifuged  deposit  of  5*0  c.c.  of  the  clear 
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urine  imnu-diately  after  its  collection,  were  free  from  colonies  at  tlie  end  of  a  period 
of  14  days,  during  which  incubation  at  37-0°  C.  had  been  allowed  to  proceed  without 
interruption. 

From  this  experiment  it  is  clear  that  the  absence  of  turbidity  in 
unincubated  urine  after  a  lapse  of  several  days  does  not  necessarily 
indicate  its  sterility,  and  evidence  of  this  nature  therefore  cannot  be 
held  to  be  satisfactory. 

There  remains  for  consideration  the  evidence  afforded  by  the 
negative  cultural  results  that  often  follow  the  inoculation  of  laboratory 
media   with  unincubated  urine  or  its  centrifuged  deposits. 

On  theoretical  grounds  it  would  appear  unsafe  to  assume  the 
sterility  of  specimens  of  normal  urine  merely  from  failure  to  infect 
the  ordinary  laboratory  media.  For  example,  a  given  specimen  might 
contain  organisms  which  were  unable  to  adapt  themselves  to  a  new 
environment,  or  could  only  do  so  if  firmly  established  on  urine  first. 
And  this  would  particularly  apply  to  attempts  to  inoculate  solid  media. 
Moreover,  the  possibility  of  an  infection  of  the  total  volume  of  urine 
discharged,  for  example,  in  24  hours  could  hardly  be  excluded  by 
failure  to  cultivate  from  the  small  fractional  samples  usually  placed 
into  tubes  containing  nutrient  agar,  or  capable  of  reception  by  the 
ordinary  centrifuge.  And  finally  the  degree  of  infection  of  normal 
urine  might  be  so  slight  as  to  escape  detection  in  the  case  of  centrifuged 
deposits  from  clear  urine  unless  these  were  transferred  without  loss 
to  the  medium  employed  as  indicator.  And  this  is  a  difficult  feat  to 
achieve. 

Notwithstanding  these  theoretical  objections  to  the  use  of  laboratory 
media  as  indicators  of  the  absence  of  infection  of  normal  urine,  the 
frequent  negative  results  obtained  are  widely  quoted  as  evidence  of 
its  absolute  sterility.  The  value  of  laboratory  media  as  indicators  of 
sterility  was  therefore  submitted  to  the  following  tests. 

Experiment  2. 

Clear  urine  from  a  healthy  male  was  discharged  into  two  sterile  tubes,  each 
receiving  about  15*0  c.c.  Tube  1  plugged  with  sterile  wool  was  incubated  at  body 
temperature  for  48  hours,  and  was  then  found  to  contain  urine  turbid  from  the 
presence  of  dividing  cocci  in  groups.  Tube  2  immediately  after  filling  was  centri- 
fuged for  15  minutes  in  a  high  speed  machine,  and  the  supernatant  urine  carefully 
pipetted  off.  As  much  as  possible  of  the  slight  deposit  of  mucus  was  then  trans- 
ferred in  a  platinum  loop  to  two  agar  tubes,  which  were  incubated  for  14  days, 
and  examined  daily.  One  tube  remained  sterile  throughout,  the  second  showing 
one  colony  of  cocci  at  the  end  of  76  hours,  no  further  colonies  appearing  Avithin 
14  days. 
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From  this  experiment,  confirming  a  similar  observation  in  Experi- 
ment 1,  it  is  clear  that  the  inoculation  of  a  solid  medium  such  as  nutrient 
agar  with  the  centrifuged  deposit  from  normal  urine  cannot  be  relied 
on  to  demonstrate  its  sterility. 

Experiment  3. 

The  same  conditions  were  observed  as  in  Experiment  2  with  the 
exception  that  the  centrifuged  deposit  was  transferred  to  two  tubes 
of  broth.  The  control  tube  of  uncentrifuged  urine  and  one  of  the  tubes 
of  broth  were  foimd  to  be  turbid  with  growth  after  incubation  for  48 
hours,  whilst  the  second  tube  of  broth  was  still  clear  at  the  end  of 
21   days. 

This  experiment  suggests  that  it  is  not  safe  to  assume  the  sterility 
of  a  sample  of  normal  urine  from  the  absence  of  growth  in  broth  in- 
oculated with  the  centrifuged  deposit  of  clear  urine. 

It  may,  however,  be  reasonably  objected  that  the  simplest  method 
of  determining  if  a  given  specimen  of  urine  is  sterile  or  not  is  to  inoculate 
broth  or  agar,  or  other  suitable  medium,  with  fractional  volumes  of 
uncentrifuged  urine.  The  validity  of  this  objection  was  therefore 
tested. 

Experiment  4. 

Clear  urine  was  discharged  into  a  sterile  flask,  and  1-0  c.c.  was  at  once  pipetted 
over  the  surface  of  the  medium  in  each  of  three  agar  tubes,  the  flask  and  the  three 
tubes  being  subsequently  incubated  at  body  temperature  for  76  hours,  care  being 
taken  to  prevent  movement  of  the  lu-ine  in  the  agar  tubes  during  incubation.  At 
the  end  of  76  hours  the  surfaces  of  agar  were  free  from  colonies,  whilst  the  urine 
in  the  flask  and  m  the  three  tubes  was  turbid  with  dividing  cocci. 

This  experiment  shows  that  if  an  inoculum  of  urine  in  an  agar  tube 
be  undisturbed  during  incubation  a  fallacious  result  may  be  obtained 
if  the  laboratory  medium  alone  be  used  as  the  indicator  of  sterility  of 
the  inoculum.  And  it  also  suggests  that  the  urine  is  a  more  sensitive 
indicator  of  its  own  infection,  as  might  be  expected  from  its  liquid 
nature,  than  is  nutrient  agar. 

Experiment  5. 

Clear  inline  from  a  healthy  male  was  next  discharged  into  a  sterile  test  tube,  and 
two  tubes  of  agar  were  each  inoculated  with  TO  c.c.  of  the  lu-ine  obtained,  a  different 
pipette  being  used  for  each  inoculum.  During  incubation  the  urine  was  repeatedly 
flushed  over  the  svuiace  of  the  agar,  and  in  48  hours  each  surface  was  covered  with 
countless  colonies  of  large  dividing  cocci.  The  control  tube  containing  incubated 
urine  alone  also  contained  at  the  end  of  48  hours  large  dividing  cocci. 
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This  experiment  suggests  that  once  the  organisms  found  had  firmly 
estabhshed  themselves  on  urine  they  had  no  difficulty  in  adapting 
themselves  to  the  solid  medium  if  opportunity  were  allowed  for  re- 
inoculation. 

Experiment  6. 

Clear  urine  was  then  discharged  direct  into  tubes  of  broth,  and  in  48  hours  the 
incubated  mixture  was  in  the  three  tubes  inoculated  turbid  with  large  dividing  cocci. 

Taken  as  a  whole  these  six  experiments  suggest  that  the  evidence 
hitherto  reUed  on  in  favour  of  the  sterility  of  normal  urine  should  be 
abandoned,  and  that  the  fact  of  sterility  of  normal  urine,  if  it  be  a  fact, 
still  awaits  demonstration.  And  they  also  suggest  that  urine  when 
incubated  may  be  a  better  and  more  convenient  indicator  of  its  in- 
fection in  the  fresh  state  than  the  ordinary  laboratory  media  whether 
liquid  or  soHd. 

If,  however,  incubated  urine  be  used  as  the  indicator  of  its  absolute 
sterility,  complete  exclusion  of  extraneous  organisms  during  the  process 
of  collection  is  essential.  Unfortunately  this  is  not  an  easy  matter 
owing  to  our  ignorance  of  the  commonest  source  of  extraneous  infection, 
the  difficulty  of  collecting  human  urine  in  such  a  way  as  to  exclude  it, 
and  the  time  required  in  any  given  case  to  determine  whether  organisms 
found  in,  or  cultivated  from,  the  urine  are  extraneous  or  not.  By 
extraneous  infection  is  here  meant  infection  which  occurs  after  the 
escape  of  urine  from  the  bladder.  The  possible  sources  of  infection  of 
male  urine  (with  which  alone  this  paper  is  concerned)  occurring  during 
and  after  discharge  appear  to  be  the  urethra  including  the  vestibule, 
the  surface  of  the  glans  and  of  the  lips  of  the  meatus,  the  air  through 
which  the  urine  is  collected,  and  the  receiving  flask.  In  all  the  experi- 
ments here  cited,  unless  otherwise  stated,  infection  from  the  receiving 
flask  was  excluded  by  exposing  it  to  dry  heat  at  180-0° C,  each  flask 
being  plugged  with  wool  before  being  heated.  Infection  from  the 
urethra  and  vestibule  and  from  the  lips  of  the  meatus  was  excluded  as 
far  as  possible  by  adoption  of  the  following  technique.  The  surfaces 
of  the  glans  and  of  the  lips  of  the  meatus  were  washed  with  sterile  wool 
soaked  in  a  1  in  1000  solution  of  perchloride  of  mercury  in  water. 
The  glans  was  then  immersed  in  this  solution  for  one  minute,  a  few 
ounces  of  urine  being  finally  discharged  under  the  surface  of  the  solution 
in  order  to  flush  the  urethra  and  vestibule.  Assuming  these  pre- 
cautions to  be  efficient,  the  only  two  sources  of  extraneous  infection  which 
remain  are  the  urethra,  including  the  vestibule  in  so  far  as  it  cannot  be 
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cleansed  by  the  flushing  referred  to  of  organisms  that  are  supposed 
normally  to  inhabit  it,  and  the  air  through  which  discharge  takes  place. 

In  spite  of  these  precautions  however,  as  already  shown,  it  was  not 
found  possible  to  obtain  a  sterile  specimen  of  urine.  The  two  methods 
of  exclusion  of  extraneous  infection  usually  relied  on  by  different 
observers  are  the  serial  method  of  collection  and  the  catheter  method. 
Both  these  methods  were,  therefore,  carefully  tested  in  order  to  deter- 
mine if  by  the  adoption  of  either  of  them  sterile  specimens  of  normal 
urine  could  be  obtained,  using  as  the  indicator  of  sterility  the  incubated 
urine  itself. 

By  the  serial  method  is  here  meant  collection  into  a  numbered 
series  of  flasks,  or  other  receptacle,  only  the  last  members  of  the  series 
being  reserved  for  study. 

Experiment  7. 

After  careful  washing  of  the  genital  surfaces  and  after  preliminary  flushing  of 
the  urethra  under  perchloride  of  merctu-y,  urine  was  discharged  through  air  by  a 
healthy  male  into  a  series  of  narrow  mouthed  flasks  numbered  1  to  4.  After 
incubation  for  48  hours  each  flask  was  found  to  be  turbid  with  organisms.  Each 
flask  contained  about  1000  c.c.  of  ui'ine. 

This  experiment  was  repeated  by  the  same  individual  five  times  in  one  labora- 
tory, once  in  a  second  laboratory  and  twice  in  a  private  house.  Of  the  24  flasks 
incubated  not  one  remained  sterile  at  the  end  of  three  days.  All  were  turbid,  the 
organisms  found  in  each  series  being  constant  to  the  site  of  collection  of  each  series, 
but  differmg  in  each  site.  One  series,  for  example,  in  one  laboratory  gave  small 
cocci  only  in  groups,  a  second  in  a  different  laboratory  gave  a  short  bacillus,  cocci 
in  groups  and  chains,  a  streptothrix  and  yeast-like  cells,  and  a  third  series  gave 
large  cocci  alone. 

Experiment  8. 
In  this  experiment  m-ine  was  discharged  by  a  healthy  male  into  a  sei'ies  of  four 
numbered  filter  flasks,  the  side  piece  being  plugged  with  sterile  wool.  In  each  case 
the  glans  was  placed  within  the  mouth  of  the  flask  to  exclude  air  as  far  as  possible, 
and  each  flask  was  finally  closed  with  a  sterile  rubber  cork.  At  the  end  of  a  period 
of  incubation  lasting  ten  days  each  flask,  containing  about  60'0  c.c.  of  urine,  was 
found  to  be  heavily  infected.  This  experiment  was  repeated  15  times  by  ten  healthy 
subjects  with  varying  volumes  of  urine,  extreme  care  being  taken  with  the  pre- 
liminary toilet  of  the  genital  surfaces  and  vestibule.  Of  a  total  of  64  flasks  incubated 
for  14  days  not  one  contained  sterile  urine  at  the  end  of  that  time.  Great  u-regularity 
was  noted  as  to  the  time  of  appearance  of  tm-bidity,  which  was  often  independent 
of  the  position  of  a  flask  in  the  series,  even  when  the  volumes  were  constant. 

Experiment  9. 
Into  three  series  of  flasks,  each  series  containing  12  members,  were  collected,  in  the 
same  way  as  in  Experiment  8,  volumes  of  urine  varying  from  10  to  40  c.c.     Of  the 
36  specimens  of  urine  incubated  not  one  was  found  to  be  sterile  at  the  end  of  14  days. 
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Thus  out  of  a  total  of  128  flasks  of  normal  urine  in  these  experiments 
a  sterile  specimen  was  not  once  obtained. 

There  are  three  alternative  interpretations  of  these  results : 

1.  Normal  urine,  contrary  to  general  belief,  is  not  sterile  when 
it  leaves  the  bladder,  that  is,  before  it  enters  the  urethra. 

2.  The  serial  method  of  collection  cannot  be  trusted  to  exclude 
urethral  organisms  from  urine  during  its  passage  along  the  urethra, 
assuming  such  organisms  to  exist  in  the  healthy  subject. 

3.  A  common  source  of  extraneous  infection  of  urine  is  the  air 
through  which  it  passes  after  it  has  left  the  urethra. 

The  experiments,  in  other  words,  throw  no  certain  light  on  the 
source  or  time  of  infection  of  the  various  samples  of  urine  examined, 
though  from  Experiment  7  the  possibihtv  of  air  infection  is  certainly 
suggested.  They  do,  however,  clearly  show  that  the  serial  method  of 
collection  through  unsteriHzed  air  is  of  no  value  in  attempting  to 
obtain  sterile  specimens  of  normal  urine. 

The  catheter  method  of  collection  was  next  examined. 

Experiment  10. 

Specimeas  of  normal  urine  from  ten  healthy  males  were  collected  by  cathe- 
terization, the  urine  being  discharged  through  air  in  the  ordinary  way,  the  free  end 
of  the  catheter  being  finally  placed  inside  sterile  flasks.  The  catheters  were  sterilized 
before  u.'^e  in  liquid  paraffin  in  the  autoclave  at  a  temperature  of  125"0°  C.  in  order 
to  avoid  the  necessity  for  lubrication  after  sterilization^.  In  each  case  the  first  few 
ounces  of  urine  discharged  were  rejected  before  the  flasks  were  filled.  After  incu- 
bation of  ten  specimens  obtained  in  this  way  turbidity  due  to  the  presence  of 
organisms  was  present  in  all  at  the  end  of  14  days. 

This  experiment  shows  that  the  catheter  method  of  collection  as 
generally  employed  is  no  more  rehable  than  is  the  serial  method  in 
securing  sterile  specimens  of  normal  urine. 

An  attempt  was  therefore  made  to  obtain  a  sterile  catheter  specimen 
by  only  allowing  the  urine  to  pass  through  sterilized  air  as  it  leaves 
the  catheter. 

Experiment  11. 

A  catheter  specimen  of  urine  was  collected  from  a  healthy  male,  the  free  end 
of  the  catheter,  fitted  with  a  clamp,  being  attached  to  the  side  piece  of  a  filter  flask 
before  sterilization,  the  mouth  being  closed  with  a  sterile  wool  plug.     As  soon  as  the 

^  Absolute  sterilization  being  impossible  to  ensure  by  this  method  in  the  case  of  the 
presence  of  .spore-bearing  organisms,  these  were  carefully  searched  for  in  the  catheter 
specimens  of  urine  obtained.     Only  non  spore-bearing  organisms  were  however  cultivated. 
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specimen  was  obtained,  but  before  withdrawal  of  the  catheter  from  the  bladder, 
the  clamp  was  closed  and  the  catheter  cut  off.  After  incubation  for  21  days  the 
urine  was  found  to  be  clear,  and  appeared  to  be  sterile  so  far  as  could  be  judged 
from  film  preparations  of  the  centrifuged  deposit  and  from  inoculation  of  broth. 

Immediately  after  separation  of  the  catheter  from  the  flask  a  few  ounces  of 
urine  were  dra^vn  through  unsterilized  air  into  a  second  flask,  and  in  48  hours  the 
urine  was  found  to  be  turbid  with  growth  of  large  dividing  cocci. 

This  experiment,  taken  alone,  is  of  little  value  as  evidence  of  the 
sterility  of  normal  urine  in  general,  but  it  suggests  that  a  normal  speci- 
men can  be  obtained  in  an  apparently  sterile  condition  if  passed  through 
sterile  air. 

That  unsterihzed  air  may  be  a  factor  in  extraneous  infection  of 
urine  during  its  collection  is  also  suggested  by  an  experiment  of  a 
different  nature. 

Experiment  12, 

A  specimen  of  urine  passed  in  the  ordinary  way  without  any  preliminary  toilet 
was  collected  in  a  sterile  flask.  Twenty  c.c.  of  the  \rrine  were  then  transferred  in  a 
sterile  pipette  into  a  test  tube.  This  was  at  once  boiled,  and  when  cool  ten  c.c.  were 
poured  through  air  into  a  second  tube.  The  flask  and  the  two  tubes  were  then  placed 
in  the  incubator  for  48  hours.  The  flask  and  the  tube  containing  the  poured  urine 
were  both  infected  with  large  Gram  positive  dividing  cocci,  whilst  the  second  tube 
containing  the  boiled  urine  which  had  not  been  poinded  remained  clear  and  sterile 
at  the  end  of  a  month.  This  experiment  was  repeated  three  times  with  the  same 
results. 

Conclusions. 

1.  As  an  index  of  the  sterility  of  normal  urine  absence  of  growth 
on  the  ordinary  laboratory  media  inoculated  with  fresh  urine  or  its 
centrifuged  deposit  is  of  little  or  no  value,  except  in  the  case  of  broth 
inoculated  with  uncentrifuged  urine. 

2.  The  use  of  incubated  urine  as  the  medium  of  growth  shows  it 
to  be  a  highly  sensitive  and  rehable  indicator  of  infection  with  organisms 
that  appear  to  be  extraneous  in  the  sense  defined. 

3.  It  is  difficult,  if  not  impossible,  to  obtain  sterile  specimens  of 
normal  urine  by  the  serial  method  or  the  catheter  method  of  collection 
as  ordinarily  carried  out. 

4.  Unsterilized  air  through  which  urine  passes  during  the  process 
of  collection  appears  to  be  a  frequent  source  of  the  extraneous  infection 
of  urine,  whether  the  catheter  or  serial  methods  be  employed  or  not. 

5.  The  sterility  of  normal  urine  in  man  still  awaits  demonstration. 
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SUPPLEMENTARY    NOTE    BY    EDWARD    C.    HORT 
AND    W.    W.    INGRAM. 

Working  in  conjunction  we  have  repeated  on  a  large  scale  involving 
several  hundred  observations  the  experiments  above  described,  and 
have  without  exception  obtained  the  same  essential  results. 

It  appears  that  the  most  convenient  method  of  determining  whether 
normal  human  urine  is  or  is  not  sterile  before  it  leaves  the  bladder  would 
be  to  obtain  a  sample  by  suprapubic  puncture  during  life.  This  pro- 
cedure has  obvious  disadvantages  in  man.  We  have  therefore  applied 
a  modification  of  the  method  to  animals  by  puncturing  the  bladder 
immediately  after  death  with  the  following  results: 

Owing  to  the  kindness  of  the  authorities  of  the  Metropolitan  Cattle 
Market  we  were  able  to  examine  the  bladder  urine  of  fourteen  animals. 
Immediately  after  the  death  of  the  animals  the  bladder  was  exposed, 
its  surface  being  then  seared  with  a  hot  iron.  A  sharp  sterile  glass 
pipette  was  then  pushed  through  the  wall  of  the  bladder  and  a  few 
cubic  centimetres  of  urine  drawn  up.  The  pipette  was  in  each  case  at 
once  sealed  in  the  flame  and  within  an  hour  placed  in  the  incubator 
and  kept  there  for  two  and  a  half  months  at  a  temperature  of  37'0°C. 
Companion  pipettes  were  withdrawn  from  the  incubator  at  intervals 
and  examined.  The  contents  of  these  pipettes  and  of  those  kept  in 
the  incubator  for  two  and  a  half  months  were  perfectly  clear  and  in  no 
case  could  organisms  be  discovered  in  the  centrifuged  deposits,  and  in 
no  case  did  inoculation  of  laboratory  media  with  volumes  of  the  incubated 
urine  reveal  infection. 

We  then  repeated  these  observations  with  the  urine  of  twelve 
apparently  healthy  guinea  pigs,  using  the  same  technique.  In  each 
case  the  specimens  examined  remained  sterile  as  far  as  could  be  judged 
by  examination  of  the  centrifuged  deposit  and  by  attempts  at  culti- 
vation on  the  ordinary  laboratory  media  inoculated  with  the  incubated 
urine. 

We  conclude  from  these  experiments  that  the  normal  urine  of 
cattle,  sheep  and  guinea  pigs,  provided  that  they  are  healthy,  is  pro- 
bably sterile,  and  that  normal  human  urine  is  also  probably  sterile. 
We  have,  however,  not  yet  been  able  to  prove  the  sterility  of  normal 
human  urine. 
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EXPERIMENTAL    PURPURA. 


In  a  preliminary  communication  by  one  of  us 
(Ledingbam  ',)  to  this  journal  on  June  13tli,  1914, 
the  production  of  purpura  hgemorrhagica  in  guinea- 
pigs,  after  inoculation  with  an  antiserum  prepared 
by  immunising  rabbits  with  guinea-pig  blood  plates, 
was  placed  on  record.  The  present  paper  deals 
mainly  with  conjoint  work  carried  out  in  June  and 
July  of  last  year,  together  with  additional  experi- 
mental data  since  obtained  by  one  of  us  (L.)  in  the 
absence  of  the  other  (B.)  on  military  service.  The 
blood  changes  in  guinea-pigs  inoculated  with  anti- 
plate  serum  have  been  followed  out  in  detail,  and 
we  propose  in  the  first  place  to  submit  data  on  this 
point.  A  description  will  follow  of  experimental 
purpura  in  the  rabbit  and  rat  induced  by  inocula- 
tion with  their  respective  anti-plate  sera. 


Blood  C]icau/es  in  Guinea-pigs  after  Inoculation 
icitli  Anti-guinea-pig-plate  Scrum. 

Notes  on  technique. — The  blood  plates  were 
counted  in  a  Thoma-Zeiss  chamber,  the  l^lood  from 
the  ear  being  received  into  citrate  solution  con- 
taining brilliant  cresyl  blue  which  showed  up  the 
blood  plates  very  clearly.  The  figures  for  the 
plate  content  per  c.mm.  obtained  by  this  method 
in  a  series  of  normal  guinea-pigs  were  as 
follows:  856,000,  752,000.  340.000,  640.000.  672.000, 
688,000,  590,000,  696,000,  664,000,  592,000  (the 
latter  four  obtained  from  the  same  animal 
on    four    successive    days),   592,000,    and    584,000. 


1  Ledingham  (19  4;  :   The    Experimental  Production  oi   Purpura  iu 
Animals,  kc.  The  La>-cet,  vol.  i.,  1914,  p.  1673. 


The  average  of  nine  animals  works  out  about 
638,000  per  c.mm.  The  haemoglobin  was  esti- 
mated by  Haldane's  instrument.  Attempts  were 
also  made  to  obtain  coagulation  times,  but  as  we 
have  not  satistied  ourselves  that  the  methods 
employed  yield  reliable  results,  at  least  so  far  as 
the  guinea-pig  is  concerned,  we  refrain  at  present 
from  alluding  to  them.  The  statement  in  the  pre- 
liminary communication  that  the  clotting  is  delayed 
rested  entirely  on  observations  of  the  bleeding  time 
after  puncture.  Prolongation  of  the  bleeding- 
time  after  puncture  of  the  ear  vein  is  a  very 
marked  feature  in  experimental  guinea-pig  purpura 
<as  Duke  asserts  to  be  the  case  in  human  purpura), 
but  this  function  may  prove  to  have  no  direct 
relation  to  the  coagulation  time  as  ordinarilj- 
understood  and  calculated. 

The  three  animals.  B  3,  B  4,  and  B  5,  whose  blood 
changes,  &c.,  have  been  followed  daily,  received 
each  one  dose  of  anti-plate  serum  (1*5  c.c.)  sub- 
cutaneously  immediately  after  the  control  normal 
samples  had  been  taken.  The  animals  were  pur- 
posely chosen  of  large  size  (over  400gm.),so  that 
a  lengthy  observation  period  would  be  available 
before  the  fatal  conclusion  (or  possibly  recovery) 
resulted.  It  had  previously  been  determined  that 
in  animals  of  250  gm.  a  dose  of  1  c.c.  of  a  particular 
batch  of  anti -plate  serum  had  produced  death  in 
three,  four,  or  five  days  with  typical  purpuric 
lesions.  The  data  obtained  from  these  three 
large  animals,  together  with  notes  of  the  general 
■condition,  are  found  in  Table  I. 

Remarks  on  Table  I. — It  will  be  observed  from 
the  table  that  two  of  the  animals  died  in  4  and 
8  days  respectively,  while  the  third  animal  (B  3), 
whose  initial  weight  was  450  gm.,  made  a  com- 
plete recovery  after  exhibition  of  purpuric  skin 
lesions.  On  July  14th — i.e.,  36  days  after  the  first 
dose — it  received  a  second  dose  of  2  c.c.  of  the 
serum.  The  reaction  to  this  second  dose  was  very 
slight,  the  blood  plates  only,  showing  a  marked  fall, 
while  the  purpuric  skin  spots  were  few.  It  is 
impossible  here  to  analyse  the  blood  changes 
in  detail,  but  certain  points  deserve  notice. 
1.  The   total    leucocyte   count   is   not    appreciably 


1 


affected,  though  there  is  a  distinct  tendency 
to  relative  lymphocytosis  (see  the  cokimn  of 
differential  counts  i.  2.  The  blood  plates  are  the 
elements  which  suffer  the  earliest  and  promj)test 
reduction.  Except  in  the  case  of  B  5.  which 
showed  an  abnormally  low  initial  plate  content, 
the  i^lates  fell  to  one-sixth  to  one-tenth  of  their 
initial  figure.  In  animal  B  3,  which  recovered, 
the  rapid  regeneration  of  red  cells  and  htemoglobin 
is  well  seen.  In  the  last  two  columns  data  are 
appended  with  reference  to  the  presence  of  hem- 
agglutination in  the  shed  blood,  the  minvite  changes 
in  the  red  cells,  and  the  general  condition  of  the 
animals. 

Post-mortem  a/ppearancfis  of  ths  above  three  animals.  B  3. — 
Killed  for  examination  on  July  18th.  A  few  skin  haemor- 
rhages present  at  f-ite  of  last  inoculation.  A  few  trroups  of 
faded  punctiform  haemorrhaafes  in  stomach  wall.  No  petechias 
on  heart  or  lungs.  Lymph  glands  not  of  hasmolymph 
character.     Urine  not  stained  with  hpemoglobin. 

B  Jf.  —  Dead  June  16th.  This  animal  ha'l  shown  numerous 
skin  haemorrhages  during  the  early  days  following  inoculation 
of  the  serum.  At  necropsy  these  had  faded  and  skin  haemor- 
rhages were  found  only  in  the  neighbourhood  of  the  inocula- 
tion site.  The  red  colour  of  the  lymph  glands  was  dis- 
appearing. Several  haemorrhages  in  the  lungs  and  very 
numerous  petechi:e  in  intestine.  Stomach  mucosa  showed 
two  round  patches — one  about  the  size  of  a  sixpence,  the 
other  half  that  size — studded  with  small  punctiform  haemor- 
rhages. There  was  no  ulceration.  Liver  yellowish.  Spleen 
large,  dark  red,  and  friable.  Kidneys  and  adrenals  apparently 
normal. 

B5. — Dead  June  12th.  Numerous  haemorrhages  at  site  of 
inoculation  and  a  few  scattered  about  elsewhere.  Only  a 
few  lymph  glands  show  the  haemolymph  change.  No  haemor- 
rhages in  intestine  Liver  pale  and  yellowish.  Spleen 
greatly  enlarged  and  friable.  L'rine  blood-stained.  A  few 
small  haemorrhages  in  testicles.     Both  eyes  sfiorv  cataract. 


Blood  Changes  in  Smaller  Animals. 

To  complete  this  part  of  the  subject  tables  are  also 
appended  showing  the  variations  in  the  red  cells, 
blood  plates,  htemoglobin,  \-c.,  in  three  guinea-pigs 
of  less  weight.     Each  was  inoculated  on  June  30th, 


1914,  with  1  c.c.  of  anti-plate  serum  subcutaneously. 
(See  Tables  II.  A,  II.  b,  and  II.  c). 


Table  II.a. — Guinea-pig  8. 

Date.  Red  cells.  Plates.  Hb.  Weight. 

June  30th*     5,744,000    640,000    96%     240  Km- 

July  1st  5,944.000    512.000    94/.    220     „ 

„    2nd         5,130.000    320,000    80%    210     „ 

„    3rd         664,000    98.000    —     200      „ 

Death  between  1  anrt  2  p.m.  on  July  3rd. 

*  Received  1  c.c.  anti-plate  serum  subcutaneously. 


Notes  on  blood  picture  and  general  condition. — July  1st  : 
Blood  picture  normal  except  for  one  or  two  red  cells  showing 
polychromatophilia.  Well-marked  hemagglutination.  Pig 
lively.  Distinct  infiltrate  over  abdomen.  July  2nd  :  Some 
irregularity  in  shape  of  red  cells.  Megalocytes  of  medium 
size,  fairly  numerous,  mostly  showing  polychromatophilia. 
Some  red  cell  shadows.  Pig  seems  ill.  Infiltrate  softening. 
Some  skin  haemorrhages.  Gums  of  fairly  good  colour. 
July  3rd  :  Hemagglutination  of  shed  blood  most  pronounced. 
Great  irregularity  in  size  of  red  cells.  ^legalocytes  showing 
polychromatophilia,  very  numerous  ;  poikilocytes  ;  no  punc- 
tate basophilia.  A  few  normoblasts,  some  showing  pyknosis 
and  karyorrhexis  of  nucleus.  A  few  red  cells  with  "  Jolly  " 
bodies.  Pig  cold  and  collapsed  ;  blood  thin  and  watery  ;  no 
eye  changes  observed.  Post  mortem  :  Gelatinous  blood-stained 
infiltrate  over  abdomen  and  thorax.  A  fair  number  of  small 
punctiform  haemorrhages  in  skin.  Numerous  hx-morrhages 
in  subcutaneous  tissue.  No  eye  changes.  Spleen  dark  red 
and  friable.  Bladder  filled  with  dark,  blood-stained  urine. 
Testicles  showed  several  large  hemorrhages.  No  haemor- 
rhages in  stomach  or  intestines.  Lymph  glands  of  red 
haemolymph  character.     Bone  marrow  dark  red. 


Table  II.b. — Guinea -pig  9. 

Date.  Bed  cells.  Plates.  Hb.  Weight. 

June  30th"      6.620,000    672,000    93%    260  gm. 

July  1st  5.952,000    480,000    96%    260      „ 

„    2nd  5,616,000    272,000    84%     240      „ 

„    3rd  720,000    392,000    16%    230      „ 

Death  between  1  and  2  p.m.  on  July  3rd. 

*  At  5  P.M.  received  1  c.c.  anti-plate  serum  subcutaneously. 


Notes  on  blood  picture  and  general  condition. — July  1st  : 
Pig  lively.  Well-marked  firm  infiltrate  over  abdomen  and 
extending  forward  to  thorax.  Blood  picture  normal  except 
for  one  or  two  red  cells  showing  polychromatophilia. 
July  2nd :  Hasmagglutination  well  marked.  Some  red-cell 
shadows.  Irregularity  in  size  of  red  cells  commencing.  Mega- 
locytes  of  medium  size  showing  polychromatophilia,  but  not 
numerous.  Animal  ill.  Infiltrate  .softening ;  some  skin 
hemorrhages ;  gums  of  good  colour.  July  3rd  :  Htemag- 
glutination  extreme.  Blood  very  watery  ;  oozing  after  vein 
puncture.  Irregularity  in  size  of  red  cells.  Megalocytes 
showing  polychromatophilia ;  a  few  deeply  basophile  red 
cells  ;  some  poikilocytes.  A  few  normoblasts,  some  showing 
punctate  basophilia  of  cytoplasm.  Pig  collapsed  and  cold. 
No  eye  changes  visible.  Post  mortem  :  A  few  small  puncti- 
form  hfemorrhages  in  skin.  Glands  do  not  show  hajmolymph 
change.  No  eye  changes.  Bladder  contained  dark  blood- 
stained urine.     No  hemorrhages  in  internal  organs. 


Table  II.c. — Guinea-pig  10. 

Date.  Red  cells.  Plates.  Hb.  Weight. 

June  30th*    6,680.000    6?8,000    102%  360  gm. 

July    1st       6,170,000    384,000     100%  320      „ 

„      2nd     5,504,000    328,000    84%  300     „ 

Death  during  night  of  July  2nd-3rd. 

*  At  5  P.M.  received  1  c.c.  anti-plate  serum  subcutaneously. 


Notes  on  blood  picture  and  general  condition. — July  1st : 
Blood  picture  normal.  Hemagglutination  well  marked.  Pig 
lively.  Infiltrate  not  very  well  marked.  July  2nd  : 
Irregularity  in  size  of  red  cells.  Fair  number  of  megalo- 
cytes, mostly  showing  polychromatophilia.  Some  red-cell 
shadows.  Pig  not  well.  Infiltrate  more  marked,  but  softer. 
Some  skin  hemorrhages,  one  about  the  size  of  a  threepenny- 
piece.  Post  mortem  :  Well-marked  gelatinous  blood-stained 
infiltrate.  Numerous  small  punctiform  hemorrhages  in  skin. 
Glands  of  hemolymph  character.  A  few  small  hemorrhages 
in  lungs  and  in  wall  of  left  ventricle.  Spleen  much 
enlarged  and  friable.  One  or  two  minute  petechie  in 
pancreas.  Bladder  full  of  blood-stained  urine.  Numerous 
hemorrhages  in  wall  of  large  gut  and  in  testicles. 

RemarJcs  on  Tables  II.A,  II.b,  and  II.c. — These 
three  animals,  whose  initial  weights  were  240  gm., 
260  gm.,  and  360  gm.,  did  not  survive  beyond  the 
third  day.     All  showed  pronounced  purpura.     The 
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effect  of  the  serum  ou  the  blood  elements  is 
essentially  similar  to  that  obtained  in  the  case  of 
the  larger  animals  of  Table  I.  Notes  regarding  the 
minute  changes  in  the  red  cells,  the  general  con- 
dition of  the  animals  during  life,  and  the  post- 
mortem appearances  are  appended  to  the  tables. 


Control  ExpeHments  with  other  Sera  :  Action  of 
Anti-leucocytic  Serum. 

This  serum  was  prepared  by  immunising  rabbits 
with  leucocytes  obtained  from  the  peritoneal 
exudates  of  guinea-pigs  which  were  killed 
4  hours  after  an  intraperitoneal  inoculation  of 
5-10  c.c.  of  sterile  broth.  Such  exudates,  as  is 
well  known,  consist  almost  entirely  of  polymorpho- 
nuclear leucocytes,  and  if  great  care  is  taken  in 
manipulation  of  the  animals  after  death  the  risk  of 
admixture  with  red  cells  can  be  very  largely 
avoided.  The  exudates  are  taken  up  in  citrated 
saline  and  thereafter  washed  in  normal  saline. 
The  serum  of  the  rabbits  so  immunised  jDroved  to 
be  quite  as  fatal  to  guinea-pigs  as  the  anti-plate 
serum,  but  did  not  produce  purpuric  phenomena. 
"We  append  two  tables  (Xos.  III.  a  and  III.b)  showing 
the  action  of  the  serum  on  the  blood  elements 
throughout  the  course  of  the  experimentally  induced 
disease. 

Table  III. a. — Guinea-pig  15. 


Date. 

Ked      1  T..-^  -  iLeuco- 

Differential  count,  t 

Hb. 

ac 

cells. 

cytes. 

P. 

E. 

L. 

Ma 

1 

Gm. 

JulySth* 

6,128,000 

592.000  '  10,200 

40-5  X 

0-5% 

58-5% 

0-5%  1  100% 

290 

„   9th 

4,440,000     456.000'   2,900 

30% 

0-5% 

96  0% 

0-5% 

80% 

250 

„10th 

2,080,000    640,000  [  10,800 

10-0  X 

1-0% 

88-07. 

10% 

40% 

230 

„  11th 

•                '       1      ' 

25-0% 

2-0% 

72-5% 

1'5% 

?     i   220 

1 

Death  at  3  p.m.  on  July  lltb. 

*  At  5.20  P.M.  receive'!  1  c.c.  anti-leucocyte  serum  subcutaneously. 

t  P  =  Polymorphonuclears.    E  =:  Eosinoi)hiles.    L  =  Lymphocytes. 

Ma=  Mast  cells. 
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Blood  picture  and  general  caiulition. — July  9fch  :  Red  cells 
irregular  ia  size  ;  numerous  polychromatophilic  megalo- 
cytes  ;  a  few  red  cells  showing  "Jolly"  bodies;  no 
nucleated  red  cells.  The  polymorphonuclear  leucocytes  are 
degenerated,  their  protoplasm  being  vacuolated  and  the 
granules  appearing  as  indistinct  basophile  knots  in  cyto- 
plasm. Pig  ill.  Small  infiltrate  under  skin  ;  no  skin 
hemorrhages.  July  10th  :  Large  numbers  of  megalocytes  ; 
some  microcytps  ;  well-marked  polychromatophilia;  nucleated 
red  cells  (normoblasts)  IS  per  cent,  of  white  cells.  Some 
phagocytosis  of  red  cells  by  mononuclears.  General  con- 
dition unchanged.  No  skin  haemorrhages.  July  11th  : 
Some  red  cells  show  punctate  basophilia  ;  nucleated  red  cells 
(normoblasts  and  megaloblasts)  21  per  cent,  of  white  cells. 
Neutrophile  myelocytes  present.  Pig  ill  and  collapsed ; 
hfemoglobinuria  :  no  eye  changes.  Post  mortem  :  No  skin 
hasmorrhages.  Lymph  glands  appear  normal.  No  h:emor- 
rhages  in  internal  organs.  Spleen  greatly  enlarged  and 
friable.     Bladder  full  of  blood-stained  urine. 


Table  III.b. — Guinea-pig  16. 


Date. 

Red 
cells. 

Plates. 

Leuco- 
cytes. 

P.        L. 

Ma. 

Hb. 

V\'eight. 

Gm. 

July  8th-' 

6,368.000 

584,000 

14.400 

51-0 X  490% 

— 

98-0% 

270 

„     9th 

5,560,000 

648.000 

2.600 

3-0%  97-0% 

— 

90-0% 

240 

,.    10th 

2.680,000 

640.000 

8.000 

66%   88-6% 

33% 

52-0% 

220 

„    11th 

1,608,000 

776,000 

13.200 

34-0%  67-5% 

0-5% 

22-0%  1 

200 

Pig  dead  at  6  p.m.  on  July  12th. 
*  At  5.30  P.M.  received  1  c.c.  anti-leucocyte  serum  subcutaneously. 


Blood  picture  and  general  condition. — July  9fch  :  Slight 
hasmagglutination.  Irregularity  in  size  of  red  cells  ;  poikilo- 
cytes  ;  polychromatophilic  megalocytes  ;  one  nucleated  red 
cell  seen.  Degeneration  of  polymorphonuclears  as  in  No.  15. 
Pig  seems  ill.  Very  slight  infiltrate  ;  no  skin  hsemorrhages. 
July  10th  :  Marked  irregularity  in  size  of  red  cells  ;  no 
nucleated  red  cells.  Infiltrate  soft ;  no  skin  hsemorrhages. 
July  11th  :  Many  megalocytes  showing  polychromatophilia  ; 
some  red  cells  with  punctate  basophilia  ;  nucleated  red  cells 
(normoblasts)  3  •  5  per  cent,  of  white  cells.  Phagocytosis  of  red 
cells  observed.  Myelocytes  4  per  cent,  (total  neutrophiles. 
34  per  cent.).    Pig  very  ill.    No  eye  changes.    Post  mortem  : 
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No  skin  haemorrhages.  No  eye  changes.  No  haemorrhages 
in  internal  organs.  Spleen  slightly  enlarged.  Hemo- 
globinuria.    Liver  yellowish. 

It  will  be  seeu  from  the  tables  that  while  the 
red  cells  were  very  considerably  affected,  the  blood 
plates  were  not  appreciably  altered  in  number. 
The  most  striking  phenomenon  in  connexion  with 
this  serum  is  the  great  but  temporary  fall  in  the 
absolute  number  of  leiicocytes.  In  this  fall,  as  the 
differential  counts  show,  the  polymorphonuclear 
cells  are  chiefly  involved.  Xo  haemorrhages  were 
seen  on  the  skin  during  life  or  in  the  organs  after 
death.  In  both  cases  hiemogloljinuria  was  a  well- 
marked  feature. 


Action  of  Ant t- red-cell  Serum  '  Ordinary  Lytic 
Serian). 

The  effects  of  injecting  lytic  serum  into  the 
animal  whose  red  cells  have  been  vised  for 
immunisation  have  been  studied  by  several 
workers,  and  notably  by  Muir  and  McXee  (1912), ■ 
who  have  experimented  with  anti-rabbit  red-cell 
serum  prepared  by  immunisation  of  the  goat  with 
rabbit  red  cells.  Xo  record  has  been  found  of  the 
production  of  purpuric  lesions  by  such  sera.  It 
was,  however,  considered  advisable  to  prepare  a 
lytic  serum  for  comparative  tests,  and  for  this 
purpose  rabbits  were  immunised  with  washed 
guinea-pig  red  cells  in  the  usual  way.  This  serum 
has  been  tested  on  guinea-pigs  only  in  a  few  cases 
so  far.  It  is  very  lethal  for  guinea-pigs,  but  no 
evidence  has  been  obtained  that  it  can  give  rise  to 
generalised  purpura.  As  we  shall  see  later,  an 
anti-rat-red-cell  serum  proved  to  be  equally  devoid 
of  purpura-producing  effects  when  injected  into 
rats,  whereas  the  anti-rat-plate  serum  consistently 
produced  purpura. 


2  Muir,   K.,  and   McNee  :  The  Anaemia  Produ'-.erl  by  a   Hiemolytic 
Serum,  Journal  of  Pathology  and  Bacteriology,  vol.  xvi.,  p.  410. 
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The  Queation   of  Dosage  of   Anti-plate  Serunt. 

To  test  this  point  four  guinea-pigs,  each  exactly 
250  gm.  weight,  received  the  following  quantities 
of  anti-plate  serum  subcutaneously  in  the  doi'sal 
region  on  June  2nd,  1914  :  2  c.c,  1  c.c,  0'5  c.c,  and 
O'l  c.c.  (volume  in  all  cases  made  up  to  2  c.c.  with 
saline).  The  animal  which  received  2  c.c.  died  on 
June  6th,  showing  an  enormous  number  of  haemor- 
rhages, with  petechiie  on  the  heart  and  lungs  and 
double  cataract.  The  animal  which  received  1  c.c. 
died  on  June  4th  (i.e.,  after  42  hours).  There  was 
beautiful  miliary  purpura  over  the  whole  skin,  with 
petechiie  on  the  heart  and  lungs.  Cataract  had  not 
developed.  The  animal  which  received  0'5  c.c. 
developed,  like  the  others,  a  local  swelling  which 
had  practically  disappeared  on  June  6th.  It  died 
ten  days  later,  but  showed  no  purpuric  lesious 
either  internally  or  externally.  Very  probably  any 
such  lesions  that  may  have  occurred  and  escaped 
detection  in  the  early  days  after  inoculation  had 
faded.  The  animal  which  received  O'l  c.c.  showed 
only  very  slight  local  swelling  for  a  few  days  after 
inoculation,  and  remained  well. 


Experimental  Purpura  in  the  Rahhit. 

An  anti-rabbit-plate  serum  was  j^repared  by 
imniunising  the  goat  with  rabbit  blood  plates 
recovered  from  rabbit  blood  by  a  method  similar  to 
that  employed  in  the  case  of  guinea-pig  blood. 
Each  dose  given  to  the  goat  consisted  of  the  blood 
plates  recovered  from  the  mixed  blood  of  12 
rabbits.  About  nine  such  injections  were  given. 
The  serum  of  the  goat  was  tested  at  various  times 
during  the  course  of  immunisation,  and  it  will  be 
convenient  to  detail  briefly  the  results  obtained 
with  this  serum  on  various  rabbits,  as  in  certain 
cases  highly  interesting  pathological  lesions  were 
found  at  necropsy.  In  the  earlier  cases  of  the  series 
purpuric  lesions  in  the  skin  were  unfortunately  not 
searched  for. 
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liahbit  i.— Received  on  June  20tli  4c.c.  anti-plate  serum 
subcutaneously  (from  test  bleeding:  of  goat  after  three 
doses).  June  21st  :  Considerable  soft  local  swelling. 
June  23rd  :  Swellintr  very  slight.  Rabbit  remained  well  till 
July  15th.  when  sudden  death  took  place.  Post  mortem  : 
Animal  well  nourished.  Peritoneal  cavity  filled  with  clotted 
blood  and  extravasated  fieces.  I'tto  large  fairhj  clean-mit 
perfcratiomt  of  the  hinvel  just  below  ceecum.  A  feiv  pvrpuric 
upots  in  xniall  intexthie.  Sinne  faded  fnrpuHc  spot  in  skin, 
eit])ecially  that  of  hind  limhs.  Large  hamorrhages  in  the 
psoas  muscle  and  in  the  vniscles  over  tibia  and  pbnla. 
Effusions  of  blood  in  the  periosteal  sheaths  of  these  bones. 
Stomach  mucosa  shoived  a  cluster  of  minute  hwmorrhages,  hnt 
there  rcas  no  general  purpura  of  the  organ.  Liver  and  lungs 
healthy. 

Rabbit  2. — Received  on  June  20th  1-5  c.c.  intravenously 
(test  bleeding  after  four  doses).     Remained  well. 

Rabbit  3. — Received  on  June  30th  2  c.c.  intravenously 
(test  bleeding  after  four  doses).  Remained  well  till  July  3rd, 
when  it  was  given  a  further  dose  of  3  c.c.  intravenously. 
Death  occurred  two  hours  thereafter.  Post  mortem  :  Per- 
forated ulcer  of  colon  aflherent  by  film  of  lymph  to  abdominal 
ivall.  Purpuric  jmtches  round  the  vleer.  The  colon  con- 
tained another  large  ragged  ulcer  with  greyish  scurf  on  it. 
It  was  not  perforated.  In  the  stomach  n-ere  tn-o  similar 
large  7wn-perforated.  vlcers.  Right  lung  coltepsed  and  con- 
gested. Some  free  blood  in  right  pleural  cavity.  The  liver 
contained  a  few  nndules  of  pseudotuberculosis,  so  that  some 
doubt  remains  whether  the  late  purpuric  lesions  met  with 
may  have  been  of  bacterial  origin.  This  is,  however, 
unlikely. 

Rabbit  4-  —  Small  Russian  Received  on  July  6th  5  c.c. 
intraperitoneally  (test  bleeding  after  four  doses).  July  7th  : 
Three  or  four  purpuric  spots  in  skin  over  sternum.  July  8th  : 
Very  large  number  of  purpuric  spots  on  skin  of  abdomen 
and  back,  and  especially  of  extremities.  Petechias  on  ear. 
On  the  same  day  it  received  a  further  dose  of  3  c.c.  intra- 
peritoneally. July  9th:  Rabbit  looks  well.  Received  a 
third  dose  of  3  c.c.  intiaver.ously  and  died  in  convulsions 
five  minutes  afterwards.  Post  mortem  :  Enormous  number 
of  skin  haemorrhages.  Miliary  purpura  of  stomach.  One  or 
two  petechire  on  epicardium,  and  a  good  number  on  large 
bowel  and  under  kidney  capsule.  Very  large  number  in  skin 
covering  fore  and  hind  extremities  and  tail.  No  cataract. 
Large  amount  of  free  blood  in  peritoneal  cavity.  One  or  two 
reddish  lymph  glands  in  axilla  and  groin.  Urine  quite 
clear. 
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Rabbit  5. — Very  small  Russian  \veighin<i-  440  gm. 
Received  on  August  27th  4  c.c.  intrapeiitoneally  (test 
bleeding  after  seven  doses).  Augu.'^t  28th  :  Animal  looks 
fairly  well.  Numerous  purpuric  spots  on  skin  of  abdomen 
and  extremities.  Weight  431  <rm.  August  29th  :  Animal 
dead.  Post  mortem  :  Beautiful  purpura  of  skin.  E.vtetuice 
purpura  of  ccecmm  and  larrje  boivel.  A  few  spots  in  small 
intestine  and  in  stomach.  Numerous  petechiae  in  diaphragm. 


Blood  Changes  in  Experimental  Purpura  of  the 
Rabbit. 

We  append  three  tables  (Xos.  IV.  .\,  IV.  B,  and 
IV.  c)  in  which  are  recorded  the  blood  changes,  &c., 
in  the  case  of  three  rabbits  inoculated  iutra- 
peritoneally  with  the  same  dose  (3  c.c.)  of  auti- 
rabbit-jDlate  serum. 


Table  IX.^.— Rabbit  33. 


Date. 

Red 
cells. 

Plates. 

Leuco- 
cytes. 

P. 

E. 

L. 

Hb. 

Coag. 
time. 

Julyloth^ 

5,792,000 

648,000 

12,200 

28-0  % 

2-0% 

70-0% 

80-0  % 

1'  47" 

„  16th 

4,864,000 

100,000 

10,400 

54-5  % 

0-5% 

45-0% 

660% 

2'  55" 

„  ITthtl  4,872,0C0 

1 

496,000 

9,803 

27-5% 

1-0% 

71-5'% 

64-0% 

1'  48'' 

At  4  I'.M.  received  3  c.c.anti-rabliit-plate  serum  intraperitoiieally. 
t  Killed  with  ether  to  obtain  specimen  of  skin. 


Blood  picture  and  general  condition. — July  16th  :  Htem- 
agglutination  present.  Some  irregularity  in  size  of  red  cells;  a 
few  red  cells  showing  polychromatophilia  ;  one  or  two 
nucleated  red  cells  seen.  Rabliit  quite  lively.  Bleeds  very 
readily  when  ear  vein  is  punctured;  marked  purpura  over  entire 
skin  July  Yl^h  :  No  nucleated  red  cells  seen  ;  a  few  showing 
polychromatophilia.  Rabbit  quite  lively.  No  fresh  out- 
burst of  purpura  so  far  as  can  be  detected.  Post  mortem  : 
Extreme  purpura  of  skin.  Lymph  glands  not  of  frankly 
hsemolymph  character.  A  few  punctiform  h:emorrhages  in 
stomach  and  large  gut.  Some  extensive  hremorrhages  in 
muscles  of  thigh.     No  hemoglobinuria. 
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Tablk  IV. 15. — liahhit  34,  iveiglit  9-20  fjm. 


Date. 

Hed 
cells. 

Plates. 

Leuco- 
cytes. 

P. 

E. 

L. 

Ma. 

Hb. 

Julj'20th"  5.424,000 

672,000 

12,400 

15-0% 

0-5%  83-5  % 

1-0% 

80% 

0'  58" 

„    21st 

5,016,000 

106,000 

14.400  '22-0% 

-     77-5  % 

0-5% 

70^. 

2'   0" 

,,    22n.l 

3,824,000 

232,000 

12.100    30-5% 

-    :68-5% 

1-0% 

50% 

1'   5" 

„    23rd 

3,960.000 

454,000 

7.800  ^250% 

0-5%  174-5% 

— 

56% 

— 

„    24th 

4,344.000 

752,000 

8.400  1    — 

—         — 

— 

58% 

— 

„    25th    4,184,000 

760.000 

18.000  ]    — 

—        — 

— 

58% 



„    29th    4.416.000 

800.000 

10,000  '    — 

1 

70% 

— 

At  4.15  P.M.  received  3  CO.  anti-rabbit-plate  serum  intraperitoiieally. 


Blood  picture  and  general  condition. — July  20th  :  Before 
injection  one  or  two  nucleated  red  cells  were  seen  in  film. 
July  21st :  Little  change  in  red  cells  ;  one  normoblast  seen. 
Animal  drowsy  and  unwell.  Hajmorrhages  in  skin,  and 
specially  marked  in  skin  of  ears.  The  flicking  or  rubbing 
of  the  ears  produces  an  immediate  ciop  of  small  punctiform 
hemorrhages.  July  22nd  :  Many  red  cells  showing  poly- 
chromatophiiia  ;  marked  irregularity  in  size  of  red  cells  ;  no 
nucleated  red  cells  seen.  Kribbit  quite  lively.  Hemorrhages 
still  present  in  skin.  July  23id  :  Marked  irregularity  in  size 
of  red  cells  ;  some  large  megalocytes  showing  polychromato- 
philia  ;  no  nucleated  red  cells  seen.  Animal's  condition 
good.  July  29th  :  Animal's  condition  good.  Purpuric  spots 
in  skin  mostly  faded.     A  few  still  present  on  ears. 


Table  IV.c. — liahhit  -35,  weight  700  gm. 


Date. 

]{ed 
cells. 

Plates. 

Leuco- 
cytes. 

P. 

E. 

L. 

Ma. 

Hh. 

OS 

July20th'* 

4.240,000 

640,000 

9,600 

25  5% 

0-5% 

72-5% 

1-5% 

62% 

1-2" 

.,  21st 

3,696,000 

98,000 

16.400 

52  5% 

— 

47-0% 

0-5% 

50% 

30" 

„  22nd 

3,840.000 

356  000 

9,000 

220% 

2-0% 

76-0% 

— 

44% 

— 

„  23rd 

3.856.000 

472,000 

6,600 

50-0% 

05% 

49-5% 

— 

48% 

— 

Killed  with  etlier  at  2  p.m.  on  July  23rd. 
*  At  4.45  P.M.  received  3  ccauti-rabbit-plate  serum  intraperitoneally. 
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Blood  picture  and  general  condition. — July  20th  :  Before 
injection  no  nucleated  red  cells  were  seen.  July  21st  : 
Hemagglutination  present  but  not  marked.  Some  irregularity 
in  size  of  red  cells  ;  some  poikilocytes  ;  no  nucleated  red 
cells.  Animal  ill.  Haemorrhages  in  skin,  and  especially  in 
skin  of  ears.  July  22nd  :  No  nucleated  red  cells.  Animal's 
condition  unchanged.  July  23rd  :  No  nucleated  red  cells. 
Condition  unchanged.  Post  mortem  :  Skin  shows  numerous 
hfemorrhages.  Lymph  glands  appear  normal.  Numerous 
intramuscular  hremorrhages  in  diaphragm.  No  hemorrhages 
in  stomach  or  intestine  ;  no  hpemoglobinui'ia.  Some  haemor- 
rhages of  moderate  size  in  thigh  muscles. 

It  will  be  seen  that  all  three  animals  developed 
marked  generalised  purpura  from  which  they 
recovered.  They  were,  however,  killed  for  exa- 
mination purposes  at  various  dates,  and  the  post- 
mortem appearances  are  appended  to  the  tables. 
The  marked  and  early  fall  in  the  plate  content 
corresponding  with  the  early  onset  of  purpuric  skin 
phenomena  will  be  noted.  In  these  rabbits  coagu- 
lation times  were  taken  by  the  Dale-Laidlaw 
method, '  the  blood  being  drawn  into  short  capillary 
tubes,  each  containing  a  small  shot.  The  data  so 
obtained  are  included,  but  we  are  not  satisfied  that 
they  can  be  depended  upon,  in  view  of  the  varia- 
tions we  have  obtained  by  this  method  in  normal 
rabbits  examined  at  short  intervals.  This  question 
is  reserved  for  further  investigation. 


Exjieriniental  Purpiird  in  the  Hat. 

Rabbits  were  immunised  with  rat  platelets 
recovered  from  fairly  large  quantities  of  rat  blood. 
Each  immunising  dose  consisted  of  the  plates 
obtained  from  the  mixed  blood  of  24  sewer  rats. 
Three  rabbits  were  immunised,  two  of  which  died 
during  the  covxrse  of  immunisation.  From  the 
remaining  rabbit  a  small  test  bleeding  was  taken 
a  few  days  after  it  received  its  second  dose.  The 
serum  so  obtained  was  tested  on  a  rat  and  found  to 
be  efficacious  in  producing  purpura  (see  below). 
The    rabbit    received    a    third  and  a  fourth    dose 


3  Dale,  H.  H.,  and  Laidlaw,  P.  P. :    A  Simple  Coagulometer,  Journal 
of  Pathology  and  Bacteriology,  vol.  xvi.,  p.  351. 
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of  rat  plates,  but  uufortuuately  a  few  minutes 
after  the  intravenous  injection  of  the  latter  dose  it 
developed  marked  anaphylactic  symptoms.  It  was 
felt  that  the  serum  of  such  an  animal  would 
probably  be  largely  deprived  of  its  anti-plate 
elements  owing  to  absorption  by  the  large  dose  of 
fresh  plates  injected.  The  animal  was,  however, 
bled  when  moril)uud  and  the  serum  so  obtained 
filtered.  As  we  shall  see,  this  serum  possessed 
marked  purpura-produciug  property. 

Elf'eot  of  Injecting  A  nt l-rat-plate  Serum  into  Matr. 

It'it  1. — Received  on  Sept.  29t.h  2-5  c  c.  subcutaneously 
in  dorsial  region  near  root  of  tail  (from  test  bleeding  after 
second  dose).  Sept.  30tli  :  Numerous  minute  skin  hemor- 
rhages round  the  area  of  inoculation  and  along  the  tail. 
None  elsewhere.  Oct.  1st :  The  animal  now  moribund  was 
killed  with  ether.  Post  mortem  :  A  large  oval  skin  hiXimor- 
rhage  was  found  at  site  of  inoculation,  with  smaller 
petechiic  at  the  periphery.  Numerous  haemorrhages  in 
skin  of  tail.  .-1  few  in  puloric  portion  of  stomach.  No 
generalised  skin  purpura.  The  result,  however,  showed  that 
the  serum  from  this  early  test  bleeding  possessed  the 
purpura-producing  property. 

Rat  2. — Received  on  Oct.  13th,  1914,  3  c.c.  subcu- 
taneously (from  moribund  rabbit  after  its  fourth  dose). 
Oct.  14th  :  A  few  petechias  noted  on  skin  of  hind  limbs. 
Oct.  15th  :  Animal  not  examined.  Oct.  16th  :  Animal  very 
ill  and  drowsy  ;  was  accordingly  killed  with  ether.  Post 
mortem  :  Beautiful  g;eneralised  skin  purpura.  Large  hasmor- 
rhage  in  muscles  of  one  fore  limb  ;  marked  purpura  of  tail. 
Several  small  Juemorrkages  in  pyloric  portion  of  stomach. 
Lymph  glands  bright  red  in  colour.  No  hemoglobinuria. 
No  cataract. 

Rat  3. — Received  on  Oct.  14th  4  c.c.  subcutaneously. 
Oct.  15th :  Cluster  of  small  hemorrhages  near  site  of 
inoculation.  Oct.  16th  :  More  hemorrhages  in  the  neigh- 
bourhood Animal  very  ill  and  drowsy.  Oct.  17th:  Rat 
dead.  Post  mortem  :  Generalised  skin  purpura.  Red 
lymph  glands  throughout.  Petechice  in  pyloric  portion  of 
stomach  and  throughout  a  considerable  part  of  the  small 
intestine,  also  in  sigmoid  and  rectum.  Urine  in  bladder 
blood-stained. 

On  the  whole,  the  lesions  in  rat  purpura  are 
essentially   similar   to   those   met  with   in   esperi- 


17 

raental  guinea-pig  purpura  except  that  cataract,  so 
frequently  found  in  guinea-pigs  dying  of  the  experi- 
mental disease,  has  not  so  far  been  noted  in  rats. 
As  mentioned  above,  the  effect  of  anti-rat  red-cell 
serum  was  investigated  on  rats.  Xo  purpuric 
lesions  resulted. 


Action  of  Heterologous  Anti-plate  Sera. 

The  question  of  the  specificity  of  these  anti- 
plate  sera  is  of  imxDortance,  and  at  various  times 
control  experiments  in  settlement  of  this  point 
have  been  made.  Invariably  the  result  has  been 
that  the  animal  does  not  respond  to  the  hetero- 
logous anti-plate  serum — e.g.,  only  slight  incon- 
venience and  certainly  no  purpura  follow  the 
injection  of  the  guinea-pig  with  anti-rabbit-plate 
serum,  and  vice  versa.  Recently,  being  in  posses- 
sion of  a  supply  of  anti-guinea-pig-plate,  anti- 
rabbit-plate,  and  anti-rat-plate  sera,  one  of  us  has 
carried  out  the  following  experiment,  which  shows 
clearly  that  a  heterologous  anti-plate  serum  has  no 
purpura- producing  property. 

Table  Y. 

Rat  A,     150  gm.,  received  7  12  1914,    3  c.e.  aiiti-rat-plateserum. 
,,  B,      90    ,,  „  ,,  3    ,,    anti-guinea-pig-plate  serum. 

,,  C,    140    ,,  ,,  ,,  4    ,,    anti-rabbit-plate  serum. 

(All  inoculated  subcutaneously.) 

Guinea-pig  A,    230  gm.,  received  7  12/1914,    3c. c.  anti-guinea-pig-plate 

serum. 
,,  B,    230     ,,  ,,  ,,  3    ,,    anti-rat-plate  serum. 

C,    230    ,,  ,,  ,,  4    „    anti-rabbit-i)late 

serum. 

(All  inoculated  subcutaneouslj^.) 

Rabbit  A,  400  gm.,  received  7/12  1914,      4  c.e.  anti- rabbit-plate  serum. 
,,      B,    380    ,,  '         ,,  ,,4    ,,  anti-guinea-pig-plate 

serum. 
,,      C,    380    ,,  ,,  ,,  4     ,,    anti-rat-plate  serum. 

All  inoculated  intraperitoneally.) 


On  Dec.  8th  Rat  A  showed  several  purpuric  spots  near  tail 
and  also  on  legs.  Other  two  rats  showed  nothing  and  appeared 
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quite  lively.  Guinea-pig  A  had  an  extensive  hemorrhagic 
infiltrate  over  the  whole  of  the  abdomen  and  did  not  appear 
well.  The  other  two  animals  showed  no  purpura  and  were 
quite  lively.  Rabbit  A  had  numerous  purpuric  spots  all 
over  its  skin  and  was  obviously  ill.  The  other  rabbits  were 
quite  lively  and  showed  no  purpura.  On  Dec.  9th  the 
animals  inoculated  with  the  homologous  sera  were  still 
more  drowsy  and  listless.  Other  animals  ajjpeared  quite 
well.     On  Dec.  10th  Guinea-pig  A  and  Kabbit  A  dead. 

Post  mortem :  Guinea-pig  A  showed  beautiful  skin 
purpura,  extensive  cedematous  and  hemorrhagic  infiltrate 
spreading  over  abdomen  from  seat  of  injection  and  extending 
deeply  into  the  thigh  muscles,  and  miliary  purpura  of 
stomach.  There  was  no  cataract,  and  the  urine  was  quite 
clear.  Rabbit  A  showed  a  large  cedematous  and  hasmor- 
rhagic  subcutaneous  area  over  upper  thorax,  neck,  and  fore 
limbs,  also  a  larger  hemorrhage  under  skin  of  left  cheek. 
Miliary  purpura  of  stomach  and  slight  purpura  of  intestine. 
Liver  yellow  and  mottled.     No  cataract.     Urine  quite  clear. 

The  other  animals  remained  well  and  put  on  weight. 

Dec.  11th  :  Rat  A  dead.  Post  mortem  :  Purpura  of  skin 
particularly  marked  over  skull  and  cheek.  A  few  spots  in 
pyloric  portion  of  stomach  and  a  few  in  small  intestine. 
Urine  was  blood-stained  (hemoglobinuria) 

The  other  animals,  which  received  the  heterologous  plate 
sera,  remained  well  and  put  on  weight. 


Summanj  and  Conclusions. 

1.  Data  have  been  recorded  on  the  blood  changes 
in  gviiuea-pigs  after  inoculation  with  anti-guinea- 
pig-plate  serum.  The  early  fall  in  the  number  of 
platelets  simultaneously  with  the  outburst  of  skin 
purpura  is  found  to  be  a  marked  feature. 

2.  Purpura  has  also  been  produced  in  rabbits  and 
rats  by  inoculation  with  the  respective  anti-plate 
serum.  The  blood  changes  in  rabbits  have  been 
followed  with  results  similar  to  those  obtained  in 
guiuea-pigs. 

3.  Anti-plate  serum,  in  addition  to  its  purpura- 
producing  properties,  possesses  in  common  with 
other  cytolytic  sera  considerable  lytic  powers, which 
in  all  probability  contribute  largely  towards  the 
fatal  issue  in  small  animals.  Death,  however, 
may  occur  as  the  result  of  extensive  haemorrhages 
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alone    without     any    obvious     lytic     changes     as 
evidenced  by  hemoglobinuria. 

4.  Sera  obtained  by   immunisation  with  red  cells 
or  leucocytes  do  not  produce  purpura. 

5.  Purpura     is      not     produced     by     inoculating 
animals  with  heterologous  anti-plate  sera. 

The  histology  of  the   jjurpuric   lesions  will  form 
the  subject  of  a  later  communication. 


Printed  at  The  Lancet  Ogice, 
423    Strand,    London.    W.C. 
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REPORT  UPON  THE  POST-MORTEM  EXAMINATION 
OF  RATS  AT  IPSWICH i. 

By  G.   H.  MACALISTER,   M.A.,  M.D., 

Assistant  Bacteriologist  at  the  Lister  Institute  of  Preventive  Medicine, 

AND   R.   St  JOHN   BROOKS,   B.A.,   M.B. 

Inteoductiox. 

On  June  30th,  1911,  we  proceeded  to  Ipswich,  with  instructions  from 
the  Local  Government  Board  to  assist  in  an  enquiry,  the  purpose  of 
which  was  to  determine  the  extent  of  the  plague  epizootic  amongst  rats 
in  the  surrounding  districts.  The  share  of  this  work  allotted  to  us 
consisted  in  examination,  at  the  Municipal  Laboratory,  of  the  animals 
received,  and  in  selection,  for  further  investigation  by  the  Board's 
pathologists  in  London,  of  material  which  appeared  suggestive  of  plague. 
For  this  purpose,  rats  presenting  features  in  any  degree  consistent  with 
the  presence  of  plague  were  regarded  by  us  as  suspicious. 

Preliminaries. 

The  rats  were  delivered  at  the  laboratory  in  boxes.  These  were 
opened,  and  the  rats  takeji  out  and  affixed  to  dissecting  boards.  Dis- 
sections were  made  so  as  thoroughly  to  expose  the  principal  lymphatic 
glands,  thoracic  and  abdominal  viscera.  After  inspection,  rats  obviously 
free  from  plague  and  in  other  respects  devoid  of  interest,  were  removed 
to  suitable  receptacles,  pending  transference  to  the  destructor.  Those 
of  pathological  interest,  either  with  regard  to  the  possibility  of  plague- 
infection  or  from  other  cause,  were  set  apart  for  further  scrutiny. 

For  purposes  of  identification  and  reference,  all  rats  were  numbered. 

'  Reprinted  by  permission  of  H.M.  Stationery-  Office. — Ed. 
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Rats  set  aside  on  the  strength  of  gross  post-mortem  appearances  as 
possibly  infected  with  plague  were  submitted  to  a  complete  microscopical 
examination.  Films  from  heart-blood,  liver,  spleen  and  lymphatic 
glands,  stained  with  carbol-thionin  blue,  were  searched  for  the  presence 
of  organisms  resembling  plague  bacilli.  After  this,  the  evidence, 
macroscopic  and  microscopic,  was  reviewed,  and  the  rat  was  either 
rejected  or  reserved  for  cultural  and  inoculation  tests.  In  the  latter 
case,  the  liver,  spleen  and  any  other  portions  indicated  by  the  post- 
mortem characters  were  packed  and  sent  to  London,  accompanied  by 
cards  describing  the  pathological  features  presented  by  the  animal  from 
which  they  were  taken.  Cultivations  were  usually  taken  from  the 
organs  before  despatch.  Rats  w^hich  had  been  so  treated  were  then 
immersed  in  strong  formalin,  and  removed  separately  in  tins  for  destruc- 
tion.    A  record  was  kept  of  other  features  of  pathological  interest. 


Number  of 

Rats, 

&c.  Examined. 

Summary  of  Resvlts. 

Sexes  and  Pregnancies  : 

Males    .  . 

7,490 

Females 

7,342 

Pregnant  Females 

1,213 

Average  number  of  Foetuses 

9-9 

Species  : 

Mus  decumanus 

15,167 

Mus  rattus 

1651 

Ferrets 

2 

Moles    . . 

3 

Hares    . . 

. 

3 

Stoat 

1 

Weasel 

1 

Rabbit 

1 

Plagii  e  infection . 


KiUeil 

Found  dead 

Total 

lo,263 

09 

15,332 

10.5 

11 

116 

21 

11 

85 

Eats  examined 

Sent  np  as  suspicious,  and  proved  negative 

Proved  plague  infected  by  inoculation 

1  This  number  includes  134  rats  caught  on  board  ships  in  the  port  of  Ipswich,  and  31 
caught  in  and  around  the  docks. 

1—2 
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The  work  was  performed  by  us  with  the  help  of  two  attendants,  and 
we  wish  to  record  our  appreciation  of  the  valuable  and  conscientious 
service  rendered  by  J.  Yerrell,  our  chief  assistant. 


PosT-MoRTEM  Appearances. 

The  accompanying  tables  show  diagrammatically  the  characters  of 
the  selected  rats,  those  found  upon  further  enquiry  in  London  to  be 
infected  with  plague  being  placed  iu  Table  I,  whilst  particulars  regarding 
those  which  proved  to  be  negative  are  set  forth  in  like  manner  in  Table  II. 
A  certain  number  of  rats  which  were  sent  up  and  found  to  be  negative 
are  excluded  from  Table  II  for  reasons  hereinafter  stated.  {See  p.  321.) 
The  following  paragraphs  contain  some  ampUfication  of  these  tabular 
statements. 

* 
Plague-Infected  Rats. 

Lymphatic  Glands. — Enlargement  of  glands  was  present  in  most 
infected  rats  ;  three  only  failing  to  exhibit  this  feature.  It  was  confined 
to  the  submaxillary  region  in  five  instances,  whilst  four  rats  showed 
congestion  of  these  glands  with  no  increase  in  size.  On  eight  occasions, 
the  lymphatic  glands  showed  general  congestion,  but  no  enlargement. 
In  some  of  the  rats  the  enlarged  glands  were  associated  with  minute 
ecchymoses  upon  the  surface  or  on  section,  and  definite  haemorrhages 
were  observed  in  a  few  cases.  These  appearances  were  accompanied  in 
some  instances  by  a  peripheral  zone  of  congested  tissues  surrounding 
the  gland,  and  paling  off  into  a  less-marked  degree  of  general  subcu- 
taneous congestion  (2876  and  3430).  In  one  rat  (2876)  cross  section 
of  an  enlarged  and  congested  inguinal  gland  displayed  a  necrotic  centre. 
In  another  (15,079)  the  left  pelvic  gland  was  necrotic.  Involution  forms, 
resembling  those  of  B.  pestis,  were  observed  in  some  cases,  upon  micro- 
scopic examination  of  smears  from  enlarged  glands  (2876,  11,724, 12,013, 
and  13,663).     Bipolar  bacilli  were  demonstrated  in  23  cases. 

Subcutaneous  Congestion.  Congestion,  distributed  universally  over 
the  subcutaneous  tissues,  was  seen  in  24  cases.  In  two  instances  (2064 
and  2522)  it  was  described  as  being  confined  to  the  thoracic  and  axillary 
regions.  In  four  cases  only  was  it  altogether  absent.  This  feature  was 
very  generally  present  to  a  marked  degree  in  the  infected  rats  obtained 
during  the  concluding  period  of  the  investigation.  In  general,  the  con- 
gestion was  manifested  as  a  uniform  subcutaneous  blush  due  to  distension 
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of  the  capillaries,  but  in  a  few  cases  venous  engorgement  was  most 
prominent,  dilation  of  individual  venules  being  obvious. 

Haemorrhages. — Small  haemorrhages  were  found  in  10  rats,  but  in 
no  case  was  this  feature  conspicuous.  Four  instances  of  retroperitoneal 
haemorrhage,  the  pelvic  glands  being  invaded  in  two  cases,  were  observed. 
The  lungs  showed  minute  ecchymoses  on  two  occasions.  Effusions  of 
blood  into  the  bronchial  glands  and  mesentery,  and  into  the  sub- 
cutaneous tissues  of  the  axillary  and  submaxillary  regions  were  also 
described. 

Pleural  Ejfusion. — In  three  plague-infected  rats  there  was  no  effusion 
into  the  pleural  cavity.  In  one  putrid  rat  turbid  fluid  was  found  ;  four 
cases  showed  blood-stained  effusion.  In  all  the  remaining  cases  a  clear 
pleural  effusion,  usually  considerable  in  amount,  was  observed. 

Liver. — The  pathological  changes  exhibited  by  the  liver  varied  greatly 
in  degree  and  in  quahty,  variations  in  size,  colour  and  consistency, 
surface  and  surface  markings  being  observed.  In  two  rats,  both  some- 
what decomposed,  the  liver  was  not  described  as  abnormal.  Three 
rats  (2064,  5381,  and  13,817)  presented  livers  which  appeared  at  first 
sight  to  be  normal,  but  scrutiny  with  a  hand  lens  showed  the  presence 
of  fine  pitting  distributed  universally  over  the  surface  of  the  organ, 
indicative,  possibly,  of  fibrotic  change.  In  a  fourth  animal  (13,663) 
this  pitting  was  accompanied  by  signs  of  congestion.  Enlargement, 
with  congestion,  was  recorded  on  nine  occasions.  No  register  was  kept 
of  variations  in  the  degree  of  consistency  of  the  organ,  as  this  depended 
to  a  large  extent  upon  its  state  of  preservation.  In  17  cases,  the  liver 
is  said  to  be  mottled.  The  term  "  mottling,"  as  applied  to  fiver  changes, 
is  not  intended  to  indicate  any  specific  pathological  conditions,  but  is 
used  to  indicate  a  mottled  or  marbled  appearance  of  the  organ  associated 
with  abnormal  definition  of  the  liver  lobules.  This  condition  was  often 
shown  by  fivers  undergoing  putrefactive  change  {e.g.  10,848). 

Granular  livers,  in  which  were  present  necrotic  foci  appearing  as 
scattered  whitish  points,  were  found  in  18  cases.  In  two  instances  the 
liver  is  described  as  granular  but  no"  obvious  areas  of  necrosis  were 
observed.  It  was  noticed  in  one  rat  (8086),  which  had  been  found  dead, 
that  although  the  liver  showed  advanced  putrefactive  changes,  whitish 
points  of  necrosis  stood  out  clearly  from  the  discoloured  surface.  The 
manner  in  which  these  various  features — congestion,  mottling,  and 
necrotic  change — were  combined  in  different  cases,  is  shown  in  the 
table  ;  but  it  may  here  be  stated  that  the  complex  to  which  has  been 
applied  the  name  of  "typical  pest  fiver"  {i.e.  an  enlarged,  pale,  mottled 
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liver  covered  with  numerous  necrotic  points)  was  found  only  in  three 
cases  (2876,  5381,  and  12,012). 

In  every  animal  except  one  (1264)  microscopical  examination 
showed  the  presence  of  bipolar  bacilli  in  liver  smears,  well-marked 
involution  forms  being  observed  in  a  number  of  cases.  In  two  livers 
(2522  and  11,407)  bipolar  bacilli  were  seen  in  relatively  small  numbers, 
together  with  a  large  variety  of  putrefactive  forms.  In  Rat  No.  8086 
referred  to  above,  very  large  involution  forms  of  the  swollen  and  globular 
types  were  observed. 

Spleen. — In  eight  cases  the  spleen  was  macroscopically  normal. 
Fourteen  rats  showed  spleens  which  presented  signs  of  congestion,  being 
dark  in  colour  and  firm  in  texture.  Fifteen  exhibited  various  degrees 
of  granular  change.  Enlarged  spleens  showing  no  distinctive  patho- 
logical change  were  not  regarded  as  abnormal.  In  two  cases  (2876 
and  13,817)  coarse  punctate  necrotic  foci  were  observed.  In  one  rat 
(1030)  the  spleen  showed  a  white  infarction. 

Microscopical  examination  showed  the  presence  of  bipolar  bacilli  in 
26  cases,  enormous  numbers  being  observed  in  seven  of  these.  Well- 
marked  involution  forms  were  found  in  several  instances  {e.g.  8086). 
Spleen  smears  from  seven  rats  did  not  show  any  organisms,  although 
with  one  exception  (1264)  these  were  found  in  corresponding  prepara- 
tions from  the  liver.  It  appeared  that  there  was  little  correlation 
between  the  degree  of  gross  morbid  change  observed  and  the  number  of 
bacilli  seen  on  microscopic  examination.  In  some  cases  (3430  and 
14,855)  spleens  which  appeared  normal  to  naked-eye  inspection  yielded 
films  found  to  be  crowded  with  organisms.  This  condition  was  met 
with  in  the  case  of  the  Hver  in  two  cases  (5382  and  13,817). 

Heart  Blood. — Films  prepared  from  the  heart  blood  showed  no 
organisms  in  six  cases.  The  type  of  organism  observed  in  the  remainder 
was  similar  to  that  shown  by  the  smears  from  liver  and  spleen.  The 
number  varied  from  very. few  (in  1264)  to  enormous  quantities  (in  1694). 
The  small  number  which  was  found  in  1264  afforded  in  that  case  the 
only  microscopical  evidence  of  plague  infection,  as  the  smears  from  liver 
and  spleen  showed  no  organisms. 

Oedema,  etc. — Pelvic  oedema  was  seen  in  one  case  (1769).  Another 
rat  (10,848)  showed  the  rare  condition  of  general  subcutaneous  oedema. 
In  Rat  13,817  the  lungs  were  markedly  engorged,  and  were  found  upon 
microscopical  examination  to  contain  large  numbers  of  bipolar  bacilli. 
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Negative  Rats. 

Particulars  are  shown  in  Table  II  of  76  rats  selected  as  possibly 
plague  infected,  which,  however,  were  shown  by  cultural  and  inoculation 
experiments  to  be  negative.  Some  of  the  sahent  features  of  these  rats 
are  summarised  below.  In  addition  to  the  negative  rats  included  in 
Table  II  35  rats  were  sent  up  for  further  investigation  :  19  of  these 
exhibited  abundant  pleural  effusion  containing  numerous  bipolar  bacilli, 
and  are  more  fully  described  below  ;  the  remaining  16  were  found  to 
harbour  bipolar  bacilli  in  their  accessory  sexual  glands.  In  most  rats, 
even  those  apparently  healthy,  smears  from  accessory  sexual  glands 
showed  large  numbers  of  organisms,  which  often  exhibited  bipolar 
staining  and  bore  a  close  resemblance  to  the  plague  bacillus.  Cultural 
investigation  and  inoculations  carried  out  in  these  cases  proved  the 
absence  of  any  such  infection.  As  soon  as  it  was  ascertained  that  neither 
of  the  conditions  was  in  any  way  associated  with  infection  suggestive  of 
plague,  such  animals  were  regarded  as  negative. 

Lymphatic  Glands. — Glandular  enlargement  was  a  very  common 
feature,  and  was  particularly  well  marked  in  two  cases.  Bipolar  bacilli 
were  found  in  gland  smears  from  21  rats,  and  in  some  cases  organisms 
resembling  plague  involution  forms  were  observed.  Enlargement  of 
lymphatic  glands,  particularly  those  in  the  submaxillary  region,  was 
observed  in  a  great  majority  of  the  rats  received  for  examination,  but 
in  most  cases,  when  microscopic  examination  was  made,  no  organisms 
were  found.  The  pelvic  glands  also  were  as  a  rule  conspicuous  in  the 
rats  examined  during  the  course  of  this  enquiry,  although  it  had 
pre\'iously  been  observed  by  one  of  us  who  had  the  opportunity  of 
examining  a  series  of  rats  in  January,  that  these  glands  were  not  usually 
obvious  at  that  season.  In  the  majority  of  cases  enlargement  of  the 
glands  was  not  accompanied  by  congestion. 

Subcutaneous  congestion. — Intense  and  general  subcutaneous  conges- 
tion was  only  observed  twice.  Localised  congestion  was  seen  in  a 
number  of  cases.     In  22  rats  no  signs  of  congestion  were  observed. 

Haemorrhages. — Haemorrhages  were  described  as  occurring  in  11 
cases.  The  majority  of  these  were  strictly  localised  and  were  probably 
traumatic  in  origin. 

Pleural  Effusion. — Clear  pleural  effusion  was  observed  in  39  cases, 
the  amount  of  fluid  being  scanty  in  the  majority  of  these.  Effusion 
described  as  blood-stained  occurred  in  39  instances.  In  several  decom- 
posed rats  turbid  fluid  was  found  in  the  pleural  cavity.     These  numbers 
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include  19  rats  not  included  in  Table  II.  In  12  of  these  the  pleural 
effusion  was  blood-stained,  and  in  seven  instances  it  was  clear  or  turbid. 
Microscopical  examination  of  films  prepared  from  such  pleural  effusions 
showed  the  presence  of  a  great  variety  of  organisms,  some  of  which 
simulated  very  closely  both  typical  and  pleomorphic  forms  of  plague 
bacilli.  Further,  the  groupings  of  organisms  on  some  films  bore  a  most 
striking  resemblance  to  those  characteristic  of  B.  pestis.  These  organisms 
were  subsequently  regarded  as  being  putrefactive. 

Liver. — The  livers  showed  punctate  foci  of  necrosis  in  16  cases,  in 
five  of  which  the  feature  was  well  marked.  In  four  such  rats  infection 
with  the  Gaertner  bacillus  was  subsequently  demonstrated.  Micro- 
scopically no  organisms  were  found  in  26  cases;  50  showed  the  presence 
of  bipolar  bacilli. 

Spleen. — Granular  changes  in  the  spleen  were  frequently  observed. 
In  three  animals  the  spleen  showed  necrotic  foci.  Bipolar  bacilli  were 
found  in  42  rats. 

Heart  Blood. — Films  prepared  from  the  heart  blood  showed  cocco- 
bacilli  or  bipolar  baciUi  in  36  rats. 

Minor  changes  in  the  viscera  were  observed  in  a  great  number  of 
rats  which  were  rejected  at  once,  as  well  as  in  those  reserved  for  micro- 
scopic examination.  Mottling  or  marbUng  of  the  liver  due  to  commencing 
putrefaction  was  very  common.  Minor  granular  changes  in  the  spleen, 
overgrowth  of  submaxillary  glands,  and  effusions  of  blood  into  the 
pleural  cavity  were  noticed  with  great  frequency.  No  statistical  record 
of  such  changes  was  kept,  but,  in  about  600  such  rats,  microscopic 
examinations  were  made.     These  gave  negative  results. 

Other  Pathological  Conditions. 
Gaertner  Infection. 

In  14  of  the  cases,  where  infection  with  plague  was,  upon  preliminary 
examination,  considered  possible,  further  investigation  demonstrated 
the  presence  of  bacilli  of  the  Gaertner  group.  The  allocation  of  these 
organisms  was  based  upon  cultural  and  fermentation  reactions. 

Five  other  rats  were  noticed,  which  demonstrated  so  clearly  the 
post-mortem  character  associated  with  Gaertner  infection,  that  they 
were  not  included  among  the  plague-suspects.  Nineteen  rats  altogether 
were,  therefore,  regarded  as  being  infected  with  this  organism.  It  is 
probable,  however,  as  the  investigation  was  not  directed  definitely  to 
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the  detection  of  such  cases,  that  this  number  does  not  represent  the 
degree  of  prevalence  of  this  disease  among  the  rats  received. 

The  most  prominent  post-mortem  features  typically  associated  with 
Gaertner  infection  were  displayed  by  the  liver  and  spleen.  The  former 
was  not  as  a  rule  granular,  but  thickly  peppered  with  white  points. 
It  should  be  noted  that  although  a  typical  plague-infected  liver  differs 
markedly  from  the  appearances  presented  by  the  organ  in  a  typical 
Gaertner  infection,  in  certain  cases  the  post-mortem  appearances  are 
of  no  great  assistance  in  differential  diagnosis,  and  further  investigation 
is  needed  to  determine  the  nature  of  the  disease  under  consideration. 
The  spleen,  on  the  other  hand,  was  much  more  markedly  granular  than 
that  found  in  the  majority  of  plague-infected  rats.  Microscopically  the 
number  of  organisms  seen  was  usually  small,  but  these  exhibited,  not 
infrequently,  bipolar  staining.  Some  slight  amount  of  subcutaneous 
congestion  was  shown  by  a  number  of  Gaertner-infected  rats. 

Trypanosojniasis. 

Trypanosomiasis  was  very  common,  particularly  during  the  first  two 
months  of  the  investigation.  The  most  general  and  prominent  indica- 
tion of  this  infection  was  blood-stained  pleural  effusion  consisting  in 
many  cases  of  pure  blood.  Eats  exhibiting  such  a  blood-stained  effusion, 
whilst  appearing  fairly  healthy  in  other  respects,  might  with  some 
degree  of  certainty  be  regarded  as  infected  with  trypanosomiasis.  A 
continuous  series  of  2000  rats  received  in  August  were  investigated 
particularly  with  regard  to  this  point.  Of  these,  145  showed  pleural 
effusion  which  was  decomposed  and  putrid  in  many  cases,  and  clear  in 
some  others,  while  in  55  cases  the  fluid  was  blood-stained  :  45  of  these 
showed  the  presence  of  trypanosomes.  These  parasites  were  also  found 
in  five  cases  where  the  pleural  effusion  was  turbid.  Incidentally,  three 
rats  in  this  series  of  2000  were  found  to  be  plague-infected.  In  these 
three  (2522,  2876,  3346)  the  effusions  were  severally  turbid,  clear,  and 
blood-stained.  Other  appearances,  associated  with  trypanosomiasis, 
were  congestion  of  the  subcutaneous  tissues  and  lymphatic  glands, 
enlargement  of  glands,  and  congestion  of  the  fiver.  In  one  case  these 
features  were  particularly  obvious,  and  the  right  inguinal  gland,  par- 
ticularly, was  enlarged  and  surrounded  by  a  zone  of  deeply  congested 
tissues.  Microscopic  examination  of  this  gland  showed  the  presence  of 
many  trypanosomes,  the  agglutination  phenomenon  being  well  demon- 
strated.    Large  numbers  of  trypanosomes  were  found  also  in  the  heart 
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blood.  This  rat  was  interesting,  as  showing  that  the  infection  was 
introduced  probably  ^^^thin  the  area  drained  by  the  right  inguinal  gland. 
It  was  also  very  important,  in  that  the  post-mortem  appearances 
presented  a  picture  very  closely  resembling  that  associated  wdth  plague. 
Asglutination  of  trypanosomes  was,  on  another  occasion,  found  in  a  film 
prepared  from  the  turbid  pleural  effusion. 


Other  Infections. 

Suppurative  conditions  of  the  lungs  occurred  with  great  frequency. 
This  phenomenon  is  extremely  common  amongst  rats,  and  has  been 
observed  on  every  occasion  when  large  numbers  have  been  examined. 
In  one  series,  all  stages  of  the  condition  were  seen,  from  the  earliest, 
presenting  a  few  small  foci  containing  glairy  material,  to  advanced 
stages  in  which  the  lung  tissue  is  almost  entirely  replaced  by  caseous 
matter,  the  healthy  lung  which  remains  being  thereby  compressed  and 
displaced  and  the  bony  wall  of  the  thorax  deformed.  Suppurations, 
general  and  localised,  in  the  abdominal  cavity  were  not  infrequent,  and 
abscesses  in  lymphatic  glands  were  very  common.  Osteomyelitis  of  the 
hind-limb  bones  was  twice  found. 

Twenty-five  cases  of  rat-leprosy  were  observed. 

Discussion. 

Some  facts,  observed  in  the  study  of  both  negative  and  positive 
cases,  may  illustrate  certain  difficulties  of  preliminary  diagnosis,  which 
assume  their  greatest  importance  in  the  investigation  of  outbreaks  of 
rat-plague  occurring  in  this  country. 

Infected  rats  presenting  atypical  appearances  were  relatively 
common,  particularly  during  the  early  part  of  the  enquiry,  at  the 
commencement,  that  is,  of  the  seasonal  epizootic.  On  the  other  hand, 
those  found  during  the  last  two  months  of  the  investigation  showed 
features  typical  of  plague.  Broadly  speaking,  preliminary  diagnosis 
during  the  first  period  of  two  months  was  usually  tentative,  while 
during  the  second  period  it  was,  in  the  great  majority  of  instances, 
certain.  It  must  not  be  assumed,  however,  that  this  statement  implies 
that  negative  cases  could  always  be  diagnosed  as  such  without  resort 
to  animal  experiment.  Even  in  regard  to  cases  in  which  the  diagnosis 
appeared  certain,  a  caveat  must  be  entered.     A  study  of  the  characters 
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shown  by  some  rats  (4843,  4886,  and  10,150),  in  Table  II,  will  illustrate 
the  danger  of  making  positive  diagnoses  upon  the  evidence  afforded 
bv  post-mortem  features,  not  confirmed  by  inoculation  experiments. 
Reference,  on  the  other  hand,  to  three  cases  (1264,  2064,  and  11,407), 
in  Table  I.  will  illustrate  the  necessity  of  care  in  the  investigation  of 
epizootics  where  rats  presenting  such  slender  evidence  of  infection  may 
occur.  Reports  of  similar  investigations  carried  out  at  Hamburg  and 
elsewhere  indicate  that  such  atypical  plague  rats  may  always  be  en- 
countered in  the  investigation  of  European  epizootics. 

The  individual  features  of  greatest  service  for  diagnosis  were  sub- 
cutaneous congestion,  clear  pleural  efiusion,  and  granular,  necrotic 
changes  in  the  liver.  All  three  were  present,  usually  to  a  marked  degree, 
in  most  of  the  plague-infected  rats,  but  only  in  9  rats  found  to  be 
negative.  Pleural  effusion,  either  clear  or  blood-stained,  and  congestion 
were  observed  in  a  considerable  number  of  cases.  No  rat  found  positive 
failed  to  display  obviously  one  or  more  of  these  characters.  In  order 
of  relative  value,  subcutaneous  congestion  and  pleural  effusion  would 
come  first,  the  liver  changes  being  less  important,  but  their  collective 
significance  should  be  considered  rather  than  the  individual  prominence 
of  each  single  factor. 

Enlargement  of  lymphatic  glands  possesses,  generally  speaking, 
little  weight  as  primary  evidence.  At  the  season  in  which  the  enquiry 
was  carried  out,  pelvic  glands  were  conspicuous  in  most  rats.  Sub- 
maxillary glands  were  enlarged  as  a  rule.  Congestion  in  regions  where 
this  feature  was  generally  not  obvious  was  of  some  value  as  a  secondary 
piece  of  evidence. 

In  general  the  facts  observed  agree  with  those  which  emerge  from 
the  great  bulk  of  work  which  has  been  published  upon  the  question  of 
plague  epizootics. 

Reference  has  already  been  made  to  the  misleading  character  of 
gross  morbid  changes  associated  in  one  case  with  trypanosomiasis. 
Enlarged  and  congested"  glands,  subcutaneous  congestion,  pleural 
effusion,  engorgement  of  fiver  and  spleen,  all  features  suggestive  of 
plague,  were  shown,  though  microscopic  examination  demonstrated 
readily  the  real  nature  of  the  infection. 

In  one  case  a  dual  infection  of  pest  and  trypanosomiasis  was  present, 
and  it  is  difficult  to  say  how  far  each  infection  was  responsible  for  the 
post-mortem  appearances  observed. 

The  peppery  liver  associated  with  Gaertner  infections  is  a  crisply 
defined  pathological  entity,  but  in  many  cases  this  organ  presented 
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appearances  which  caused  trouble  in  diagnosis.  Concurrent  micro- 
scopic and  macroscopic  evidence  gave  in  most  cases  clear  indication  of 
the  true  nature  of  the  infection,  but  atypical  livers  and  spleens  showing 
signs  of  congestion  with  minor  necrotic  and  granular  changes  were  in 
a  number  of  instances  reserved  for  inoculation  purposes.  The  result  of 
inoculations  with  such  material  showed  the  importance  of  microscopic 
examination,  for  negative  results  were  obtained  in  every  case  where  no 
bipolar  bacilli  were  found  in  the  films. 

^licroscopical  examination  presents,  however,  a  number  of  fallacies. 
Bipolar  staining  is  at  times  shown  in  intestinal  and  putrefactive  organ- 
isms, as  well  as  by  certain  bacteria,  probably  of  intestinal  origin,  which 
are  found  in  the  accessory  sexual  glands  of  otherwise  healthy  rats. 
Putrefactive  organisms  may  also  present  forms  resembling  very  closely 
pleomorphic  plague  bacilli,  and  assume  groupings  usually  regarded  as 
characteristic  of  pest.  These  were  best  seen  in  decomposed  pleural 
effusions.  Inoculation  of  such  material  from  16  cases — not  recorded 
in  Table  II — showed  the  fallacious  nature  of  such  appearances.  As 
previously  mentioned,  many  rats  not  infected  with  plague  revealed 
organisms  in  the  Hver  and  spleen  which  could  not  be  differentiated  from 
plague  bacilH  on  microscopical  examination  alone. 

In  the  infected  rats  generally,  plague  bacilh  were  less  numerous  in 
blood  films  than  in  spleen  smears,  but  in  a  few  cases  the  reverse  held 
true.  Tn  some  rats  received  in  October  plague  bacilU  were  present  in 
enormous  numbers  in  the  blood.  In  one  or  two  of  these,  the  experiment 
was  tried  of  cutting  off  an  inch  of  tail  and  preparing  a  film  from  the  cut 
surface  of  the  stump.  Films  crowded  with  plague  bacilli  were  thus 
obtained.  This  point  has  a  practical  application,  indicating  that  the 
practice,  prevalent  amongst  those  who  catch  rats,  of  cutting  off  the 
tails  is  not  without  danger.  The  cut  stump  presents  a  sharp  vertebral 
point  which  might  readily  inflict  an  inoculation  scratch. 


COXCLUSIOXS. 

1.  Many  plague-infected  rats  in  the  earher  period  (July  and  August) 
of  the  epizootic  presented  atypical  appearances. 

2.  The  majority  of  those  found  in  the  later  period  were  typical  and 
could  usually  be  diagnosed  upon  post-mortem  examination  with  a  con 
siderable  degree  of  certainty.     A  number  of  the  negative  cases  presented 
difficulty  in  diagnosis  throughout  the  whole  enquiry. 
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3.  Features  suggestive  of  plague  infection  may  be  simulated  by 
rats  infected  with  trypanosomiasis  or  with  bacilli  of  the  Gaertner  group. 

4.  The  most  valuable  diagnostic  points  are  the  presence  of  sub- 
cutaneous congestion,  pleural  effusion,  and  necrotic  changes  in  the 
liver.     These  should  be  considered  collectively. 

5.  Minor  granular  and  necrotic  changes  in  liver  and  spleen  un- 
corroborated by  other  suggestive  pathological  characters,  macroscopic 
and  microscopic,  are  in  general  not  indicative  of  plague. 

6.  Major  granular  and  necrotic  changes  in  liver  and  spleen  are  very 
suggestive,  but  not  necessarily  indicative,  of  pest  infection. 

7.  Fallacies  in  direct  microscopic  diagnosis  are  presented  by  certain 
intestinal  and  putrefactive  organisms. 


A 


V     .Z^ 


TETANUS : 


ITS  PREVENTION  AND  TREATMENT  BY  MEANS 
OF  ANTITETANIC  SERUM. 


Tetanus  cannot  be  said  to  be  of  frequent  occui-rence 
under  ordinary  conditions  of  life  in  time  of  peace,  but  the 
outbreak  of  war  is  often  followed  by  a  comparatively  large 
increase  in  the  number  of  cases  of  this  disease. 

These  notes,  the  fruit  of  work  in  a  serum  laboratory 
and  of  a  slight  cultivation  of  the  literature,  were  gathered 
together  some  months  ago  without  any  idea  of  their 
appearing  in  their  present  form,  and  I  now  publish  them 
with  the  object  of  calling  the  attention  of  those  who 
have  not  specially  studied  the  question  to  the  value 
of  tetanus  antitoxin,  which  is  inestimable  when  the  serum 
is  used  properly  as  a  prophylactic.  It  is  to  be  hoped 
that  at  the  present  time  systematic  use  will  be  raade  of 
this  remedy,  so  that  one,  at  any  rate,  of  the  hazards  run 
by  those  who  are  offering  their  all  on  the  battlefield  in 
defence  of  their  country  may  be  reduced  to  a  minimum. 

HiSTOPaCAL. 

Tetanus,  or  lockjaw,  is  a  malady  common  to  man  and 
many  animals.  It  was  recognized  in  ancient  times,  and 
it  has  long  been  known  that  it  was  likely  to  follow  the 
soiling  of  wounds  with  earth,  dust,  and  similar  material. 
About  the  middle  of  the  nineteenth  century  the  impres- 
sion gained  ground  that  it  was  due  to  the  production  of 
a  poison  in  the  wound,  and  in  1884  Carle  and  Rattone 
reported  that  they  had  conveyed  the  disease  by  means  of 
pus  from  a  case  of  tetanus. 

In  1885  Nicolaier  produced  tetanus  in  mice,  guinea-pigs, 
and  rabbits  by  inoculating  them  with  garden  soil,  and  the 
pus  from  the  wounds  carried  on  the  infection  from  animal 
to  animal.  In  the  local  lesion  Nicolaier  found  a  bacillus 
with  a  spore  at  the  end,  but  he  did  not  succeed  in  obtaining 
a  pure  culture. 

In  1886  Rosenbach  found  a  similar  bacillus  in  a  case  of 
human  tetanus,  but  he  also  was  unsuccessful  in  his  attempts 
to  isolate  it.  Knut  Faber  (1889)  separated  the  toxin  from 
mixed  cultures  by  means  of  filtration  through  porcelain. 
Kitasato  in  1889  was  the  first  who  succeeded  in  securing  a 
pure  culture  of  this  bacillus  and  in  proving  that  it  alone 
was  the  causal  agent  of  the  disease. 

[425/14] 


Distribution  of  the  Bacillus. 
The    Bacillus    tetani    is    widely   distributed   in   nature, 

o  being  found  in  the  soil   of    most   cultivated   areas,  in  the 

streets  of  cities,  and  in  fact  in  any  place  where  there  is 
faecal  contamination,  v.  Lingelsheim  recalls  the  examina- 
tion  by    Bossano   of   samples   of    dust   from    thirty-eight 

r;  towns,  only  twelve  of  which  were  found  free  from  tetanus 

bacilli.  Nicolaicr  found  it  in  twelve  out  of  eighteen 
samples  of  earth  in  the  neighbourhood  of  Gottingen. 

C  Choukevitch  (1911)    demonstrated   its   presence   in   the 

i;  intestinal   contents   of   two   horses   out   of   eighteen,   but 

Lukas  (1914)  was  more  successful,  as  he  isolated  it  from 
the  faeces   of   sixteen    out   of   seventeen   horses.     Joseph 

f.  (1910)  examined  the  excreta  of  cattle,  and  came  to   the 

conclusiou  that  the  Bacillus  tetani  must  be  considered  a 

^  normal    inhabitant   of    the    intestine    of    these    animals. 

Romer  (1909)  also  found  it  frequently  in  the  faeces  of  adult 
cattle,  but   it  was  not  usually  present  in  animals  under 

^  2  years  of   age.     Further,  tetanus   antitoxin  was  found  in 

the  blood  of  the  older  animals  in  more  than  50  per  cent,  of 
the  cases  examined.     Dolly  (1910)   found  tetanus  bacilli 

^  frequently  in  the  wads  of  blank  cartridges,   and    Graser 

(1910)  reports  a  like  result.  Kabinowitsch  (1907)  found 
the  spores  of  this  bacillus  in  the  water  in  which  straw- 
berries sold  in  Berlin  had  been  washed.  It  is  said  to 
have  been  found  in  the  mud  of  the  Dead  Sea. 

This  wide  distribution  of  the  organism  emphasizes  the 
necessity  for  extreme  care  in  cleansing  all  wounds,  but 
especially  those  which  have  come  in  contact  with  street 
dust,  i-oad  sweepings,  the  soil  of  cultivated  fields,  garden 
eartli,  mivnure,  etc. 

Bahuson  (cited  by  Anders  and  Morgan)  stated  that 
during  the  American  Civil  War  he  was  put  with  other 
prisoners  into  a  shelter  that  had  been  used  for  horses,  and 
that  all  the  wounded  placed  there  who  did  not  die  as  a 
direct  result  of  their  wounds  developed  tetanus,  and  all  of 
them  died. 

Cultivation  of  the  Bacillus. 

Under  the  usual  conditions  of  artificial  cultivation  in 
pure  culture,  the  tetanus  bacillus  will  not  grow  in  the 
presence  of  oxygen,  and  therefore  it  is  termed  an 
'•  anaerobic  "  organism.  But  if  some  nutrient  medium  be 
inoculated  with  the  Bacillus  tetani,  and  also  with  some 
oxygen-loving  organism  such  as  the  Bacillus  suhtilis  (hay 
bacillus),  the  absence  of  oxygen  is  not  so  necessary,  as  the 
B.  suhtilis  will  use  up  the  oxj'gen  and  produce  conditions 
in  which  the  B.  tetani  can  grow.  Further,  Tarozzi  and 
others  have  shown  that  if  pieces  of  animal  tissue  be  placed 
in  a  liquid  culture  medium  the  bacillus  will  grow  alone  in 
the  presence  of  oxygen,  the  dead  tissue  acting  as  a 
reducing  agent. 

In  nature  we  get  a  combination  of  these  two  methods  of 
producing  conditions  suitable  for  growth ;  in  the  earth  we 
have  organic  materials  to  act  as  reducing  agents  and  the 


aerobic  organisms  to  use  up  oxygen;  in  contused  and 
dirtied  wounds  we  have  the  dead  tissues  and  the  pyogenic 
cocci  to  act  in  a  similar  manner. 

Pkoductiox  of  Tetanus  Toxin. 

Tetanus  toxin  is  prepared  by  growing  the  tetanus 
bacillus  in  nutrient  bouillon,  of  neutral  or  slightly 
alkaline  reaction,  which  may  or  may  not  contain  some 
reducing  agent  such  as  glucose,  sodium  sulphindigotate,  etc. 
Special  flasks  filled  with  such  a  broth  are  inoculated  with 
the  tetanus  bacillus,  hydrogen  gas  is  passed  through  the 
liquid  and  the  flasks  are  placed  at  37'C.  for  eight  to  ten 
days,  when  the  bouillon  is  filtered  through  porcelain  to 
remove  the  bacilli  and  spores.  The  filtrate  forms  the 
tetanus  toxin.  The  toxicity  of  such  a  filtrate  varies  very 
much.  A  mouse  of  15  grams  weight  might  be  killed  in 
three  to  four  days  by  sxtbttu  c.cm.,  or  it  might  be  necessary 
to  inject  tt^ttt  c.cm.  or  even  more.  The  susceptibility  of 
different  species  of  animals  to  this  toxin  varies  very 
markedly  ;  thus  it  is  stated  that  if  a  certain  quantity  of 
toxin  will  just  kill  1  gram  of  mouse  the  same  quantity 
will  kill— 

6    grams  of  guinea-pig  j  1/600    grain  of  cat 

12         ,,  of  horse  i/iooo       ,,     of  goose 

1/2    gram  of  goat  1  1/4000       ,.     of  pigeon 

1/150    ,,  of  rabbit  ■  1/30000     ,,     of  hen 

from  which  it  is  evident  that  the  horse  is  one  of  the  most 
.susceptible  of  animals. 

Production  of  Tetanus  Antitoxin. 

In  1890  B  eh  ring  and  Kitasato  showed  that  animals 
could  be  immunized  against  the  tetanus  bacillus  and  its 
toxin,  and  that  then  their  blood  had  acquired  a  new 
property,  so  that  when  it  was  injected  in  suitable  quantity 
into  other  animals  these  were  protected  against  doses  of 
tetanus  which  otherwise  would  be  invariably  fatal.  This 
new  property,  they  thought,  was  due  to  the  development 
in  the  blood  of  immxmized  animals  of  a  substance  which, 
as  it  neutralized  the  toxin,  they  called  "  antitoxin."  When 
the  fluid  part  of  the  blood  has  been  separated  from  the 
solids  it  is  found  that  the  antitoxin  is  contained  in  the 
plasma  or  serum.  Horses  are  the  animals  most  frequently 
used  in  the  production  of  tetanus  antitoxin  for  therapeutic 
purposes.  As  they  are  so  highly  susceptible  to  the  toxin 
the  utmost  care  is  required  during  the  process  of  immuni- 
zation to  avoid  the  occurrence  of  accidents.  Therefore,  at 
the  beginning  of  the  immunization  the  toxin  is  not  given 
in  the  pure  state,  but  only  after  having  been  modified  by 
chemicals  or  by  being  mixed  with  antitoxin.  Sometimes 
the  toxin  and  the  antitoxin  are  not  mixed,  but  are  given 
simultaneously  in  separate  parts  of  the  body  or  the  anti- 
toxin is  given  a  few  hours  before  the  toxin.  Whichever 
method  is  used  at  the  commencement,  the  object  is  always 
the  same,  namely,  to  produce  a  basal  immunity  so  that 
after  a  time  the  animal  will  bear  without  ill  effect  the 


inoculation  of  pure  toxiu.  Therefore,  as  the  injections  are 
repeated   the   auiount   of    modifying  agent    is    gradually 

3  decreased  until  only  toxin  is  given.     AVhen  the  establish- 

ment of  a  basal  immunity  has  been  demonstrated  the 
doses  are  increased  more  rapidly,  and  finally  200  c.cm., 
400  com.,  or  1.000  c.cm.  of  pure  toxin  are  injected  at  one 

r  time.     The  inoculations  are  usuallj'  given  subcutaneously 

or  intraumscularly  (though  some  use  the  intravenous 
route)  at  intervals  of  five  to  ten  days.     After  the  final  dose 

C  a  rest  of  one  to  three  weeks  is  given  before  the  animal  is 

1  bled,  when  on  an  average  8  litres  of  blood  are  withdrawn. 

If  considered  desirable  another  bleeding  may  be  taken  at 
the  end  of  a  week,  and  followed  by  a  third,  fourth,  or  fifth 

,  at  intervals  of  seven  or  eight  daj's.     The  animal  then  has 

a  rest  of  three  weeks  or  more  before  being  reimmunized. 

i  During  a  bleeding,  as  well  as  during  all  subsequent  pro- 

cesses, every  precaution  is  taken  to  prevent  contamination. 
When  the  plasma  or  serum  has  been  obtained   separate 

f  from  the  corpuscles  and  clot,  a  small  amount  of  preserva- 

tive is  added,  and  it  is  put  away  in  a  cool  dark  place  for  a 
time. 

^  As  soon  as  possible  after  a  bleeding  the  serum  is  tested 

to  ascertain  whether  it  contains  enough  antitoxin  to 
render  it  fit  for  therapeutic  use.  This  standardization  is 
carried  out  according  to  the  American  method  introduced 
by  Rosenau  and  Anderson  (1908),  a  description  of  which 
has  been  published  in  Bulletin  No.  43  of  the  United 
States  Public  Health  and  Marine  Hospital  Service  and  in 
the  JouriKil  of  Hygiene,  January,  1914.-'' 

When  required  for  use  the  serum  is  filtered  through 
porcelain  and  distributed  into  small  bottles.  Before  being 
sent  out  for  therapeutic  use  antitetanic  serum  is  tested — 

1.  For   absence    of    toxicity    by    animal    experiment 

10  c.cm.  of  serum  being  injected  subcutaneously 
into  each  of  two  guinea-pigs  of  250  grams  weight. 
The  animals  must  remain  well. 

2.  For  sterility  by  cultural  experiment  aerobically  and 

anaerobically.  The  media  inoculated  with  the 
serum  must  not  show  any  growth. 

3.  For  non-excess  of  ])reservative,  0.5  c.cm.  of  serum 

being  injected  subcutaneously  into  a  mouse  of 
15  grams  weight.  The  animal  must  not  show 
more  than  temporary  symptoms  of  intoxication. 

From  the  time  the  serum  is  first  obtained  its  antitoxin 
content  begins  to  diminish.  This  diminution  takes  place 
most  rapidly  at  first ;  later  the  serum  appears  to  reach  a 
condition  of  comparatively  stable  equilibrium,  when  the 
deterioration  proceeds  much  more  slowly.  To  compensate 
for  this  unavoidable  loss  there  is  usually  put  into  each 
bottle  an  amount  of  antitoxin  in  excess  of  the  quantity 
stated  to  be  present,  sufficient  to  make  it  probable  that  the 
bottle  will,  at  the  end  of  two  years,  contain  the  amount  of 


*  The  Lister  Institute  serum  is  tbus  standardized. 


antitoxin   stated   on   the   label,  provided   it   is   stored   in 
a  dark  cool  place — preferably  in  an  ice-chest. 

Prophylactic  Use  of  Tetanus  Antitoxin. 

Tetanus  antitoxin  may  be  used  (1)  prophylactically, 
(2)  curatively. 

As  a  prophylactic  tetanus  antitoxin  yields  excellent 
results. 

Animal  experiment  has  proved  : 

That  if  a  fatal  dose  of  tetanus  toxin  be  mixed  together 
with  a  suitable  amount  of  tetanus  antitoxin,  the  mixture 
can  be  injected  into  animals  without  giving  rise  to  any  ill 
effect  whatever. 

That  the  effect  of  a  fatal  dose  of  toxin  can  be  completely 
inhibited  by  the  injection  of  antitoxin  twenty-four  hours 
previously. 

That  a  fatal  result  can  be  prevented  by  injecting  a  suit- 
able dose  of  serum  within  a  short  time  of  the  injection  of 
the  toxin. 

From  these  results  it  would  naturally  be  expected  that 
tetanus  antitoxin  would  furnish  good  results  when  used  as 
a  prophylactic.     Such  has  been  the  case. 

Vaillard  (1912,  p.  224)  refers  to  the  practice  of  eight 
veterinary  surgeons  from  1898  to  1906.  In  that  period 
they  inoculated  13,124  animals  after  operations  or  acci- 
dental wounds,  and  not  a  single  case  of  tetanus  occurred 
among  them.  During  the  same  time  two  veterinary  sur- 
geons alone  saw  139  cases  of  tetanus  among  animals  which 
did  not  receive  the  treatment.  If  tlie  figures  of  Nocard 
and  Labat  are  added,  we  get  16,917  animals  which  had  a 
prophylactic  injection,  and  among  them  one  single  horse 
had  tetanus — in  this  case  the  antitoxin  was  given  five  days 
after  the  wound,  and  the  attack  was  very  benign. 

Huguier  (1909)  used  to  give  two  injections  of  10  c.cm. 
each  of  antitetanic  serum,  but  for  some  years  has  been  con- 
tent to  give  one,  and,  although  he  operated  in  conditions 
under  which  infection  was  most  possible,  he  has  not 
had  one  case  of  tetanus  among  horses  thus  treated 
proph  ylactically. 

Dieudonne  (1909)  records  1,009  operations  for  castration 
or  hernia,  with  no  case  of  tetanus,  although  onljf  a  single 
injection  of  serum  was  given.  During  the  same  period  he 
observed  87  cases  of  tetanus  among  horses  operated  on  or 
wounded  which  had  not  had  a  prophylactic  injection. 

Parker  Hitchens  (1910)  has  proved  experimentally  that 
a  dose  of  300  U.S.A.  units  of  tetanus  antitoxin  will 
protect  a  horse  against  an  infection  fatal  to  the  control 
animals. 

Mohler  and  Eichhorn  (1911)  found  experimentally  that 
as  regards  an  infection  fatal  to  the  control — 

300  U.S.A.  units  given  48   hours  after  infection  =  no 

symptoms  of  tetanus. 
500  U.S.A.  units  given  72  hours  after  infection  =  no 

symptoms  of  tetanus. 
700  U.S.A.  units  given  96  hours  after  infection  =  no 

symptoms  of  tetanus. 


^^^lereas — 
*^  250  U.S.A.  units  given  48  hours  after  infection  =  local 

*^  tetanus.     Recovery. 

400  U.S.A.  units  given  96  hours  after  infection  =  local 
tetanus.     Recovery. 

They  conclude  "  that  500  U.S.A.  units  is  a  sufficient 
close  of  antitoxin  for  use  as  a  prophylactic,  even  in  cases 
where  the  infection  has  occurred  four  days  prior  to  the 

,  injection  of  antitoxin." 

The  experience  of  veterinary  surgeons  is  therefore  all  in 

'  favour  of  the  value  of  the  prophylactic  use  of  antitetanic 

serum.  The  results  of  its  use  for  a  similar  purpose  in  the 
human  subject  are  scarcely  less  decisive. 

*  Vaillard  (1912)  cites  the  experience  of  Birou  and   Pied. 

J  These  surgeons  did  not  use  serum  from  1895  to   1902,  and 

had  during  those  years  11  cases  of  tetanus,  which  were 
all  fatal.     In  1903  they  began  to  use  serum  systematically 

{  in  every  case  in  which  there  was  a  chance  of   infection 

with  tetanus.  From  1903  to  1910  there  was  not  a  single 
case  of  tetanus  in  their  practice,  but  during  this  period 

j  they  received  into  their  wards  4   cases  of  tetanus   from 

outside ;  3  cases  of  tetanus  were  taken  into  other  wards 
of  the  same  hospital,  and  there  were  2  deaths  from 
tetanus  in  the  town.  Vaillard  refers  also  to  cases  of 
tetanus  following  wounds  received  during  the  celebrations 
on  July  4th  (Independence  Day)  in  America.  In  1903 
there  were  415  cases  of  tetanus.  Then  the  prophylactic 
treatment  was  strongly  urged  and  began  to  be  made  use  of. 

In  1904  there  were  ...            ...  105  cases. 

In  1905  ,,        „  104      „ 

In  1906  ,,        „  89      „ 

In  1907  ..        „  73      „ 

These  figures  suggest  that,  as  the  years  passed  and  the 
beneficial  results  were  recognized,  more  and  more  attention 
was  devoted  to  prophylactic  serum  treatment. 

Confirmatory  evidence  has  also  been  brought  forward  by 
Brandenstein  (1908);  Bockenheimer  1 1909 1:  Solieri  (1910), 
thirty-five  cases  with  one  death  ;  Graser  (1910),  no  case  of 
tetanus  in  eight  years  among  patients  treated  prophylac- 
tically;  Simon  (1913,  p.  236),  citing  Liell's  analysis  of  350 
cases  of  July  4th  wounds  and  tetanus,  shows  a  mortality 
of  98  per  cent. ;  only  seven  recovered  and  of  these  five  had 
prophylactic  treatment.  In  1907  the  editor  of  the  Journal 
of  the  American  Medical  Association  summed  up  the 
case  as  follows : 

A  fairly  careful  scrutiny  of  the  American  literature  for  the 
past  tive  years  has  not  brought  to  light  a  single  report  of  the 
development  of  tetanus  in  a  person  who  received  a  timely  pro- 
phylactic dose  of  tetanus  antitoxin. 

We  thus  see  that  the  inestimable  value  of  tetanus  anti- 
toxin when  properly  used  as  a  prophylactic  is  beyond 
question. 

In  connexion  with  the  words  "  properly  used "  in  the 
previous    sentence    it    is    important    to    remember   that 


antitetanic  serum  is  an  antitoxic  and  not  a  bactericidal 
serum.  It  has  no  power  to  inhibit  the  growth  of  the 
bacillus.  All  antitoxin  can  do  is  to  neutralize  the  toxin 
produced.  A  certain  amount  {x}  of  serum  can  neutralize 
a  certain  amount  {y)  of  toxin  and  no  more.  Any  further 
toxin  produced  can  exercise  its  deleterious  effect  un- 
influenced by  the  serum.  Thus  if  an  animal  has  been 
infected  by  tetanus  and  has  received  a  prophylactic  dose 
of  serum  it  is  protected  against  the  toxin  produced  until 
the  neutralizing  power  of  the  serum  has  been  exhausted. 
When  that  stage  is  reached,  then,  as  Yaillard  j)uts  it,  if 
more  toxin  is  elaborated  one  of  three  things  must  happen, 
either : 

1.  More  antitoxin  must  be  given  ;  or 

2.  The  animal  must  produce  its  own  antitoxin ;  or 

3.  The  animal  must  become  intoxicated. 

Further  (cf.  Tarozzi  supra),  the  tetanus  bacillus  can 
multiply  and  produce  toxin  in  blood  clots,  or  in  necrotic 
tissue,  especially  in  the  depths  of  a  wound ;  and  as  there 
is  some  evidence  suggesting  that  a  sharp  fall  may  occur  in 
the  antitoxin  content  of  the  blood  about  one  week  after  an 
injection  of  antitoxin,  it  is  advisable  to  repeat  the  injec- 
tions weekly  as  long  as  there  is  any  necrotic  tissue  in  a 
wound.  Again,  there  may  be  necrotic  tissue  in  a  wound 
several  days  old,  or  a  large  amount  of  dirt  may  be  ground 
into  the  tissue — for  example,  run-over  cases — and  it  may 
be  decided  to  operate  and  thoroughly  clean  up  such  a 
wound.  In  this  case  it  is  advisable  to  give  a  prophylactic 
dose  of  antitoxin  intramuscularly  some  hours  before  the 
operation,  as  acute  tetanus  has  occurred  within  twenty- 
four  hours  of  such  operation,  and  has  in  all  probability 
been  due  to  the  rapid  absorption,  by  the  fresh  tissues  laid 
bare  by  the  operation,  of  a  large  dose  of  tetanus  toxin 
which  had  been  elaborated  in  the  necrotic  tissue,  or  was 
present  in  the  dirt  with  which  the  wound  was  soiled. 

Dose. 

The  amount  of  serum  which  should  be  given  at  each 
injection  depends  entirely  upon  the  number  of  units  in 
each  cubic  centimetre  of  the  serum.  We  have  seen  above 
that  for  the  horse,  which  is  the  animal  most  susceptible 
to  tetanus  poison,  the  Americans  have  experimentally 
demonstrated  the  dose  to  be  300  to  500  U.S.A.  units;  but 
in  the  case  of  man  we  have  no  such  evidence.  v.  Behring 
recommends  10  to  20  units.  These  units  are  Genaian 
units,  and  one  of  them  is  equal  to  about  40  U.S.A.  units. 
The  dose  would  then  be  400  to  800  U.S.A.  units. 

Yaillard  mentions  10  c.cm.  as  the  dose  for  superficial 
easily-cleaned  wounds,  not  grossly  soiled  ;  10  c.cm.  of  the 
tetanus  antitoxin  sold  by  the  Pasteur  Institute  usually 
contains  from  500  to  1,000  U.S.A.  units. 

Tizzoni  considers  that  200,000  of  his  own  units  is  an 
ordinary   prophylactic  dose.     I  have   only  examined  one 


sample  of  Tizzoni's  serum.*     The  bottle  contained  5  c.cm. 
,  =  200.000  units  Tizzoni  =  125  units  U.S.A. 

*  Park  and  Williams  (p.  243)  say :  "It  is  the  custom  at 
many  dispensaries  in  New  York  City  and  elsewhere  to 
immunize  all  Fourth  of  .July  wounds  by  injecting  1,000  units. 
None  of  these  have  ever  developed  tetanus." 

I  From    this    last    statement   we    would    conclude    that 

1.000  U.S.A.  units  is  an  ample  prophylactic  dose,  as  it  has 
always  prevented  tetanus,  and  that  it  is  quite  possible  a 

*  smaller  dose  would  answer  the  purpose.      This  apparently 
]                                         has  been  found  to  be  the  case  by  von  Behring,  Vaillard, 

and  Tizzoni. 

Where  there  is  plenty  of  serum  at  the  disposal  of  the 

I  surgeon  there  is  no  need  to  take  thought  about  the  size  of 

the  dose,  and  the  ample  dose  of  1,000  to  1,500  units  may 
be  given  with  the  knowledge  that  it  is  better  to  give  too 
much  than  too  little.  But  when,  as  may  easily  happen 
during   war,   there   is   only   a   limited   amount   of   serum 

'  available,  then  the  question  of  the  smallest  protective  dose 

becomes  important.  This  may  be  put  down  as  about 
500  U.S.A.  units  for  a  simple  uncomplicated  case,  and  as 
the  amount  of  soiling  of  the  wound  and  contusion  of  the 
tissues  increases  so  should  the  amount  of  antitoxin  be 
increased. 

The  interval  of  time  between  the  infliction  of  the  injury 
and  the  injection  of  serum  also  has  to  be  taken  into 
consideration  when  fixing  the  dose.  Donitz  (1897)  showed 
experimentally  in  rabbits  that  if  an  hour  were  allowed  to 
elapse  between  the  injection  of  the  toxin  and  that  of 
the  serum  it  required  forty  times  the  neutralizing  dose 
{in  vitro)  of  serum  to  save  the  life  of  the  animal.  Studying 
the  same  question  recently  on  guiuea-jjigs  I  found  that 
while  ,\f  U.S.A.  unit  of  antitoxin  neutralized  100  minimal 
lethal  doses  (M.L.D.)  of  tetanus  toxin  in  vitro  it  required 
1  unit  of  antitoxin  to  neutralize  1  M.L.D.  when  given 
subcutaneously  and  simultaneously  but  in  different  parts 
of  the  body,  but  3  units  did  not  save  life  when  given 
four  hours  after  the  toxin.  When  the  serum  was  given 
twenty  -  four  hours  after  1  M.L.D.  of  toxin  it  required 
2,000  units  of  antitoxin  to  save  life,  though  even  this 
amount  did  not  prevent  the  onset  of  the  disease.  In  these 
animals  1  M.L.D.  almost  always  caused  the  appearance 
of  slight  signs  of  tetanus  at  the  end  of  twenty-four  hours 
after  the  injection  of  toxin. 

It  is  obvious,  then,  that  the  earlier  the  prophylactic 
dose  is  given  the  more  certain  will  be  its  effect  in  pre- 
venting tetanus,  the  smaller  within  limits  will  be  the 
dose,  and  the  smaller  the  cost  of  treatment.  This  last 
item  may  seem  insignificant,  and  it  is  so  w^hen  it  is  only 
a  question  of  the  prophylactic  use  of  antitoxin  ;  but  it 
will  be  found  to  loom  large  in  the  picture  when  it  is 
necessary  to  consider  the  value  of  tetanus  antitoxin  from 
a  curative  point  of  view. 

*  Cf.  Journ  of  Hygiene,  January,  1914. 


CcEATiVE  Use. 

'■^Premonitory"  Symptoms. — In  all  diseases  the  earlier 
the  treatment  is  commenced  the  greater  the  chances 
of  a  favourable  result.  If  we  could  recognize  tetanus 
in  a  stage  as  early  as  we  can  diphtheria,  it  would 
no  doubt  be  possible  to  obtain  just  as  good  results 
from  serum  treatment.  But  tetanus,  unlike  diphtheria, 
has  no  characteristic  lesion  which  appears  early  in 
the  attack  and  gives  an  indication  of  the  nature 
of  the  disease.  As  it  has  been  aptly  put  by  Dr.  C.  J. 
Martin,  the  diagnostic  membrane  in  diphtheria  corre- 
sponds to  the  dirt  or  other  foreign  body  carrying  the 
infection  of  tetanus,  and  so,  just  as  we  give  diphtheria 
antitoxin  when  we  see  such  a  membrane,  so  ought  we 
to  give  tetanus  antitoxin  when  we  see  any  such  infecting 
material  in  a  wound.  When  the  symptoms  of  tetanus 
are  distinct  it  means  usually  that  the  disease  has  made 
very  considerable  headway,  and  has  reached  that  stage 
which  in  diphtheria  would  be  looked  upon  by  some  as 
beyond  the  reach  of  the  benehcial  influence  of  antitoxin. 

This  explains  to  some  extent  the  uncertain  results 
which  follow  the  use  of  antitoxin  as  a  curative  agent, 
and  it  also  raises  the  question  whether  there  are  any 
"  premonitory  "  symptoms  the  presence  of  which  might 
rouse  a  suspicion  that  a  case  was  one  of  commencing 
tetanus.  A  study  of  some  of  the  literature  of  tetanus  has 
shown  that  commencing  tetanus  has  been  mistaken  for 
"  colds,"  muscular  rheumatism,  stiff  neck,  sore  throat, 
influenza,  mumps,  etc.,  and  it  has  even  been  suggested 
that  many  cases  which  have  been  diagnosed  and  treated 
successfully  as  cases  of  the  above  diseases  have  in  reality 
been  slight  attacks  of  tetanus.  With  the  object  of  du-ect- 
ing  attention  to  what  may  prove  to  be  "  premonitory  sym- 
ptoms,'' K.  Evler  il910)  relates  13  cases  of  tetanus  with 
2  deaths,  which  came  under  his  personal  observation, 
he  himself  being  one  of  them.  He  describes  these 
"  premonitory "  symptoms  as  being  very  varied  and 
changeable. 

A  day  or  so  after  the  infection  there  may  be  general 
restlessness,  changing  suddenly  to  a  desire  to  rest. 

Sleeplessness  with  distressing  dreams,  and  it  may  be 
nightlj'  delirium. 

Difficulty  in  micturition  due  to  spasm  of  the  sphincter 
vesicae,  which  may  last  from  a  few  minutes  to  half  an 
hour. 

Temporary  giddiness,  violent  headache,  excessive 
yawning. 

The  facial  appearance  changes  and  the  patient  looks 
anxious,  though  there  is  no  risus  sardonicus  yet. 

There  may  be  trembUng  of  the  tongue  which  is  put  out 
to  one  side. 

There  is  often  a  profuse  sweating,  and  darting  pains  in 
various  parts  may  occur. 

The  patient  may  have  a  feeling  of  chilliness,  and  there 
maj'  be  some  swelling,  without  redness  locally,  of  the  in- 
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jui-ed  membei'and  throbbing  of  its  arteries  notwithstanding 
that  the  Umb  is  raised. 

Shght  jerking  may  follow  pressure  on  the  jflexor  tendons, 
and  these  muscles  may  be  noticed  to  be  in  a  condition  of 
increased  irritability.* 

If  symptoms  such  as  these  are  present  with  a  history  of 
possible  infection  with  the  tetanus  bacillus  Evler  considers 
that  the  administration  of  serum  is  justified.  The  later 
symptoms  include : 

Increased  flow  of  saliva. 

Keflex  cramps  of  oesophagus. 

Ocular  symptoms;  for  example, nystagmus, strabismus. 

Ear  trouble,  and  spasmodic  cough. 

Tremors  and  clonic  spasms  which  are  not  painful  and 

which  may  not  attract  attention. 
Pain   persisting   after    muscular   contraction  induced 

by  effort. 
Swollen   and   reddened   lymphatics,   enlarged  glands 

and  tenderness  in  the  infected  region. 

Evler  infected  himself  during  an  operation  and  early 
symptoms  developed  within  twenty-four  hours.  He  pre- 
sented nearly  all  of  the  symptoms  mentioned.  Sero- 
therapy was  commenced  on  the  fifth  day.  Nutrient 
enemata  became  necessary  on  the  seventeenth  and 
eighteenth  days,  but  on  the  nineteenth  the  teeth  could  be 
opened  a  little  and  recovery  then  progressed  satisfactorily. 

Evler's  paper  directed  my  attention  to  these  "  pre- 
monitory "  symptoms,  and  since  reading  it  I  have  caiefully 
read  through  a  considerable  number  of  cases  of  tetanus 
described  in  the  literature,  and  I  have  found  that  practi- 
cally all  the  symptoms  mentioned  by  Evler  have  been 
noticed  as  being  present  early  in  the  disease.  All  have 
not  been  observed  in  the  same  patient,  but  usually  the  one 
or  two  present  have  been  sufficiently  prominent  to  force 
themselves  upon  the  notice  of  the  physician,  and,  if  he  had 
read  Evler's  paper,  to  remind  him  that  such  a  disease  as 
tetanus  might  be  before  him. 

If  tetanus  be  studied  from  the  standpoint  of  these 
"  premonitory  "  symptoms,  there  is  reason  to  hojje  that  as 
our  knowledge  of  them  increases  so  will  our  poAcr  of 
combating  the  disease  be  increased  by  our  intervention 
earlier  in  an  attack. 

Curative  Value. 

The  results  following  the  use  of  antitoxin  as  a  curative 
agent  have  been  up  to  the  present  for  the  most  part 
unsatisfactory.  The  reasons  given  to  account  for  this  are 
that  the  disease  is  usually  diagnosed  only  when  it  has 
made  considerable  progress,  and  that  the  toxin  is  absorbed 
and  travels  along  paths  where  it  is  beyond  the  influence 
of  antitoxin. 

In  most  cases  the  tetanus  bacilli  remain  and  multiply  at 
the  site    of  infection,   and    the  toxin   there   produced   is 


*  This  condition  of  increased  irritability  of  the  flexor  muscles  has 
been  noticed  to  occur  in  horses  quite  early  in  an  attack  of  tetanus. 
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absorbed  and  carried  to  the  central  nervous  system.  As 
regards  the  path  by  which  it  travels,  numerous  observers 
have  corroborated  the  findings  of  ^Nleyer  and  Ransom  that 
tetanus  toxin  is  chiefly  absorbed  from  the  ipfected  wound 
along  the  motor  nerves  of  that  region,  and  passes  by 
direct  extension  into  and  through  the  spinal  cord,  but  it 
maj'  also  pass  into  the  circulation.  It  is  also  thought 
that  in  the  nerves  the  toxin  passes  along  the  axis  cylinder. 
Some  observers,  however,  do  not  agree  entirely  with  these 
conclusions. 

Cernovodeanu  and  Heni-i  (1907)  have  stated  that  if  the 
vessels  and  muscles  of  a  limb  be  tied  while  the  nerves 
remain  intact,  a  large  amount  of  tetanus  toxin  may  be  in- 
jected without  the  production  of  tetanus,  and  they  there- 
fore conclude  that,  while  some  toxin  is  absorbed  by  the 
nerves,  the  larger  part  passes  along  the  lymphatics  and 
blood  vessels. 

Field  (cited  by  Park  and  Williams)  is  of  opinion  that  the 
toxin  does  not  pass  along  the  axis  cj'linder  but  along  the 
lymphatics   of   the   nerves. 

Permin  (1912-19131,  from  a  critical  analysis  of  the 
literature  and  from  the  results  of  a  large  number  of  experi- 
ments performed  by  himself,  concludes  that  part  of  the 
toxin  is  taken  up  by  the  peripheral  muscle  nerves  of  the 
site  of  infection  and  passes  along  the  axis  cylinder  to  the 
spinal  cord,  and  part  passes  into  the  lymph  and  blood  and 
gaining  the  general  circulation  may  pass  directly  to  the 
ganglion  cells  of  the  cord  or  indirectly  by  means  of  the 
peripheral  nerves. 

There  is,  then,  no  unanimity  of  opinion  as  to  the  special 
road  taken  by  the  toxin,  but  what  we  know  is  that 
somehow  the  toxin  passes  along  the  nerves  comparatively 
rapidly,  but  the  amount  found  in  the  cerebro- spinal  fluid 
is  not  great — on  several  occasions  1  to  2  c.cm.  of  this 
fluid  have  contained  a  fatal  dose  for  a  mouse  but  not 
more  toxin  than  this. 

The  holding  of  the  opinion  that  the  toxin  is  absorbed 
by  the  nerve  endings  and  passes  along  the  axis  cylinder — 
fiat  is,  in  a  situation  which  is  beyond  the  reach  of  anti- 
toxin in  the  blood — renders  the  curative  treatment  of 
declaimed  tetanus  practically  hopeless,  in  the  opinion  of 
many  clinicians.  Antitoxin  does  not  appear  to  penetrate 
readily  into  the  substance  of  the  peripheral  nerves  or  of 
the  central  nervous  system,  and  therefore  all  it  can  do  is 
to  neutralize  only  the  toxin  which  has  not  been  absorbed, 
or  which  is  in  the  blood  stream.  (After  huge  doses  of 
antitoxin,  given  intravenously,  only  traces  of  it  can  be 
found  in  the  cerebro-spinal  fluid.)  So  a  cure  can  result 
from  the  employment  of  antitoxin  only  so  long  as  a  fatal 
dose  of  toxin  has  not  been  absorbed.  Many  cases 
are  on  record,  and  many  experiments  which  seem 
to  confirm  this  view.'  The  experiments  of  McClintock 
and    Hutchings    (1913)     wiU     serve    to     illustrate     this 

*  Note. — For  a   most   excellent  review  of  the   literature   of   this 
subject,  cf.  Permin,  1913. 


12 

point.  They  took  sheep  with  long  tails  and  inserted  into 
the  tip  of  the  tail  a  splinter  of  wood  which  had  been 
infected  with  tetanus  spores  fi-ee  from  toxin.  The  first 
symptoms  of  tetanus  occurred  six  to  eight  days  later,  when 
the  tail  was  at  once  amputated,  20  cm.  being  removed,  and 
4,5(X)  U.S.A.  units  of  tetanus  antitoxin  were  given  intra- 
venously and  repeated  daily.  Every  animal  but  one  died 
and  the  symptoms  did  not  seem  to  be  influenced  by  the 
serum.  The  amount  of  toxin  in  the  blood,  as  proved  by 
animal  experiment,  was  at  its  maximum  between  the  fifth 
and  seventh  day — 2  c.cm.  of  blood  containing  a  fatal  dose 
for  a  guinea-pig  of  350  grams  weight.  No  toxin  was 
found  in  2  c.cm.  of  the  blood  twenty-four  hours  after  the 
injection  of  serum. 

From  these  results  it  has  been  concluded  that  as 
amputation  of  the  tail  had  no  effect  upon  the  progress  of 
the  disease,  and  as  there  was  toxin  in  2  c.cm.  of  the  blood 
before  but  not  twenty-four  hours  after  the  commencement 
of  serum  ti'eatment,  therefore  by  the  time  that  the  first 
signs  «'f  tetanus  appeared  a  fatal  dose  of  toxin  either  had 
been  absorbed  and  fixed,  or  if  not  completely  fixed  was  in 
a  situation  where  the  antitoxin  could  not  reach  it  to 
prevent  complete  fixation.  This  being  the  case,  all  that 
can  be  expected  from  stn-um  treatment  is  the  prevention  of 
further  absorption  of  toxin  by  blocking  all  the  paths 
leading  from  the  infected  area — the  nerve  routes  by  injec- 
tion into  the  nerves  of  the  region  affected  and  the  vascular 
route  by  large  injections  into  a  vein — and  all  this  merely 
in  the  hope  that  a  fatal  dose  of  toxin  has  not  already  been 
absorbed. 

It  is  not  certain,  however,  that  these  views  are  correct. 
They  may  be  based  on  a  false  premiss,  namely,  that  anti- 
toxin must  penetrate  into  the  cell  before  it  can  neutralize 
the  toxin  attached  to  the  cell. 

But  the  recent  work  of  Kraus  and  Amiradzibi  (1910) 
suggests  that,  contrary  to  the  usual  acceptation,  a  toxin 
must  pass  out  of  a  poisoned  cell  before  it  can  be  neutralized 
by  its  antitoxin,  as  the  latter  cannot  penetrate  into  the 
cell  ;  and  further,  that  the  rate  of  diffusion  of  the  toxin 
out  of  the  cell  is  accelerated  by  the  presence  of  antitoxin 
in  the  surrounding  fluid. 

Moreover,  von  Graff  and  Meuschikoff  (1912)  have  shown 
experimentally  that  it  is  possible  to  extract  tetanus  toxin 
from  liver  cells  by  means  of  antitoxin.  They  allowed  the 
cells  to  remain  in  contact  with  a  solution  of  toxin  during 
one  hour  at  37^  C.  Then  they  removed  the  cells  and 
washed  them  free  from  surrounding  toxin.  Some  of  these 
washed  cells  were  injected  into  mice  and  caused  tetanus. 
The  remainder  were  soaked  in  a  solution  of  tetanus  anti- 
toxin for  one  hour  at  37"  C,  and  then  removed  from  the 
serum,  washed  free  from  surrounding  antitoxin  and  injected 
into  mice,  which  remained  quite  well.  Control  experi- 
ments showed  that  while  toxin  could  pass  into  the  cell  and 
be  so  firmly  fixed  that  several  washings  would  not  remove 
it,  serum,  on  the  other  hand,  could  not  pass  into  the  cell  in 
any  demonstrable  quantity.     It  is  justifiable,  therefore,  to 
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presume  that  the  toxin  was  extracted  from  the  cells  by 
the  surrounding  antitoxin,  and  that  it  is  advisable  to  have 
as  high  a  concentration  of  antitoxin  as  possible  in  the 
fluids  surrounding  poisoned  cells. 

This  view  of  the  action  of  the  antitoxin  gives  more 
encouragement  to  the  physician  to  persevere  vigorously 
with  serum  treatment.  It  emphasizes  the  advisability 
of  employing  very  large  doses  of  serum  so  as  to  saturate 
the  system  with  antitoxin,  and  thus  not  only  neutralize 
any  toxin  which  may  be  passing  from  the  focus  of  infec- 
tion into  the  blood,  but  also  to  extract  toxin  from  cells 
into  which  it  has  already  passed. 

Such  treatment,  suggested  by  the  results  of  experi- 
mental research,  is  practically  identical  with  that  em- 
ployed by  many  physicians  to-day  as  the  outcome  of  years 
of  bedside  observation. 

Ernest  E.  Irons  (1912)  analysed  the  252  cases  collected 
by  Anders  and  Morgan  '■'■'-  and  classified  them.  The  incuba- 
tion periods  of  the  fatal  and  non-fatal  cases  showed 
practically  the  same  relation.     His  figures  are  : 

Mortality. 

Total  nmiiber  of  cases       ...  ...  252     ...  71% 

Cases  treated  without  serum  ...  142    ...  77% 

Cases  treated  with  serum...  ...  112     ...  63% 

Cases  treated  with  small  amounts 

of  serum  ...  ...  ...      71]  70.4% 

Cases  treated  with  large  amounts  -112 

(100 com.  or  more)  of  serum       ...      41j  51.0% 

If  we  compare  the  mortality  of  all  the  cases  treated  with 
serum  with  that  of  the  cases  treated  without  we  must 
allow  that  the  use  of  serum  brings  little  if  any  advantage. 
But  if  we  compare  the  mortality  in  cases  treated  ivith 
large  a.))wunts  of  serum  with  the  mortality  of  the  cases 
treated  without  serum,  then  the  beneficial  results  following 
such  use  of  serum  become  manifest. 

W.  H.  Park  (1910)  says  that  when  a  large  intravenous 
dose  is  given  within  a  few  hours  of  the  onset  of  the 
symptoms  the  effect  is  marked.  More  than  50  per  cent, 
of  the  patients  so  treated  recovered,  "  some  of  whom 
I  feel  perfectly  sure  would  have  died  without  the  serum." 
At  the  first  sign  of  actual  tetanus  10,000  to  20,000  U.S.A. 
units  should  be  given  intravenously,  and  followed  every 
twelve  hours  by  further  injections.  The  later  injections 
may  be  given  subcutaneously  if  the  intravenous  route 
becomes  difficult.  Torres  (1912),  after  an  experience  of 
110  cases  of  acute  tetanus  in  eight  years  with  a  mortality 
of  32.7  per  cent.,  gives  an  intravenous  injection  of  120c.cm. 
of  serum  as  the  rule.  He  repeats  it  twice,  or  even  oftener, 
in  the  first  twenty-four  hours  if  necessary,  and  then  gives 
100  c.cm.  daily  if  the  symptoms  are  still  present. 

Penna  (1913)  also  gives  injections  of  100  c.cm.  intra- 
venously once  or  twice  in  the  twenty-four  hours,  and 
keeps  it  up  for  several  days  even  though  the  patient  may 
be  improving. 

*  Journ.  Amer.  Med.  Association,  July  29th,  1905,  p.  314. 
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Van  der  Bogert  (1913)  cites: 

1.  Strock  (1907)  who  treated  his  cases  of  tetanus  during 
six  years  with  small  doses  of  serum  and  had  a  mortality 
of  100  per  cent.  Then  he  treated  5  cases  with  very  large 
doses  and  the  mortality  was  20  per  cent. 

2.  The  3  cases  of  Young  (1912)  which  appeared  hopeless, 
but  recovered — a  boy  liad  150,000  U.S.A.  units,  a  man  had 
220,000  U.S.A.  units,  and  a  girl  of  14  years  had  587,000 
U.S.A.  units. 

Manv  other  similar  records  could  be  quoted,  if  space 
permitted,  to  show  that  among  those  who  not  infrequently 
meet  with  cases  of  tetanus  the  tendency  of  late  years  has 
been  to  use  much  larger  doses  of  antitoxin  than  formerly, 
and  that  the  use  of  these  large  doses  seems  to  be  followed 
by  more  uniformly  beneficial  results  than  were  observed  in 
former  years  when  only  small  doses  were  employed. 

Modes  of  Administration. 

Besides  the  size  of  the  dose  the  mode  of  administration 
of  the  serum  has  an  influence  upon  the  result.  Serum 
may  be  given — 

1.  Intracerebrally. 

2.  Subarachnoidally. 

3.  Intraneurally. 

4.  Intravenously. 

5.  Intramuscularly. 

6.  Subcutaneously. 

1.  Intracerebral  injections  have  given  very  good  results 
in  animals  and  in  several  cases  in  man  also,  but  the 
risk  of  permanent  injury  to  the  nervous  system  has  pre- 
vented this  method  coming  into  general  use.  Ballance 
(1914),  however,  suggests  that  the  introduction  of  serum 
into  the  lateral  ventricle  might  be  used  in  tetanus,  as  he 
thinks  that  with  reasonable  care  the  operation  as  a  whole 
is  free  from  danger. 

3.  Intraneural  injections  were  strongly  recommended 
by  liogers  (1905),  but  they  are  not  free  from  risk,  and  are 
seldom  used. 

4.  5,  and  6.  As  regards  the  intravenous,  intramuscular, 
and  subcutaneous  route  the  final  result  is  the  same  in  all 
three.  The  only  difference  is  in  the  time  taken  for  the 
antitoxin  to  be  absorbed  and  distributed  throughout  the 
body.  In  the  case  of  the  intravenous  method  it  is  a  ques- 
tion of  a  few  minutes ;  of  the  intramuscular,  of  a  few 
hours  ;  while  after  subcutaneous  injections  it  is  one  to  two 
days  before  the  maximum  concentration  of  antitoxin  in 
the  blood  is  reached.  There  remains  the  subarachnoidal 
route  to  consider. 

Descos  and  Barthelemy  (1902)  experimentally  showed 
that  intraspinal  injections  gave  the  best  result. 

Von  Graff  (1912)  carried  out  a  number  of  experiments 
in  the  Serotherapeutic  Institute  in  Vienna,  and  came  to 
the  conclusion  that  this  route  was  the  most  effective,  and 
that  next  to  it  came  the  intravenous. 
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Permin  doc.  cit.)  considers  that  intraspinal  are  just 
as  good  as  intraneural,  and  are  better  than  intravenous, 
inoculations. 

W.  H.  Park  (1914,  personal  communication)  has  treated 
6  successive  cases  of  tetanus  by  intraspinal  injections, 
and  all  have  recovered. 

Hofman  (1907)  states  that  of  13  cases  which  had  serum 
beneath  the  skin,  53.8  per  cent,  died,  whereas  of  16  cases 
which  had  serum  subdurally  only  12.5  per  cent,  died,  and 
the.se  16  cases  included  a  number  of  extremely  severe 
cases  with  brief  incubation  periods.  He  recommends  that 
the  intraspinal  injections  should  be  given  every  two  to 
three  days  and  the  subcutaneous  daily.  Graser  (1910) 
also  advises  serum  by  intralumbar  injection  every  two 
to  three  days  and  daily  beneath  the  skin.  Gobiet  (1904), 
Xeugebauer  (1905),  Jerie  (1908j,  and  Buffagni  (1910)  and 
others  speak  of  the  good  effect  of  intraspinal  injections  of 
antitoxin,  and  Buffagni  says: 

1.  After  the  first  injection  one  observes  an  increase  in  the 
sjTnptoms.  reaching  a  maximum  in  forty-five  hours,  and  then 
passing  off  and  giving  place  to  improvement. 

2.  The  organization  of  the  patient  reacts  to  each  injection  of 
tetanus  antitoxin  by  a  rise  in  temperature  of  1.5-  to  2-C.,  which 
passes  off  in  ten  to  twelve  houi's. 

3.  After  each  injection  more  or  less  distinct  improvement  of 
all  conditions  occurs,  and  especially  of  the  tetanic  attacks.* 

The  method  of  procedure  in  the  serum  treatment  of  a 
case  of  tetanus  would  then  be  somewhat  as  follows  : 

1.  The  injection  beneath  the  arachnoid,  or  in  very  severe 
cases  even  (Ballance,  1914i  into  the  lateral  ventricle,  of  "as  large 
a  dose  of  antitoxin  as  mav  be  conveniently  given — for  example, 
3,000  to  8,000  U.S.A.  units. 

2.  The  injection  into  a  vein  of  a  large  dose — ^9,000  to  16,000 
U.S.A.  units — with  the  object  of  flooding  the  system  with 
antitoxin  as  soon  as  possible. 

3.  The  injection  of  antitoxin  intramuscularly,  and 

4.  The  repeated  injection  of  antitoxin  subcutaneously — both 
with  a  view  of  keeping  up  the  concentration  in  the  blood. 

Clinical  experience  both  in  man  and  horse  has  shown 
that  it  is  absolutely  necessary  to  continue  the  injections, 
even  though  improvement  has  apparently  set  in,  as  other- 
wise the  symptoms  are  very  liable  to  return — in  some 
cases  with  greater  intensity  than  at  first. 

"Idiopathic"  Tetanus. 

The  absence  of  any  history  of  injury  sometimes  makes 
the  diagnosis  of  tetanus  at  first  very  difficult.  In  the  past 
such  cases  were  classed  as  rheumatic  or  idiopathic  tetanus, 
but  we  know  now  that  for  tetanus  to  declare  itself  the 
tetanus  bacillus  must  somehow  have  gained  entry  into  the 
body. 

It  has  been  shown  experimentally  that  tetanus  spores 
free  from  toxin  or  foreign  material  may  be  injected  into 
animals    without    causing    tetanus,    and   that  they   can 

*  These  observations  of  Buffagni  are  very  like  those  made  by  some 
physicians  with  regard  to  intraspinal  injections  of  antimeningo- 
occic  serum. 
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become  disseminated  iu  the  body  and  remain  latent  for 
a  time.  Then  if  suitable  conditions  arise,  such  as  the 
formation  of  a  necrotic  area  in  the  tissues,  such  latent 
spores  may  germinate  and  give  rise  to  tetanus. 

Caufora  (1907)  infected  animals  subcutaneously  with 
tetanus  bacilli  and  found  that  they  spread  all  over  the 
body.  He  also  injected  toxin-free  tetanus  spores  and 
found  them  iu  the  blood  twelve  hours  later.  They 
may  remain  in  the  blood  for  ten  to  fifteen  days,  during 
which  time  very  slight  injuries  are  sufficient  to  set  up 
tetanus.  Later,  the  spores  became  localized  in  the  liver, 
spleen,  lungs,  kidneys,  lymph  glands,  and  marrow,  where 
they  may  remain  latent  for  some  months. 

Semple  (1911)  came  to  the  conclusion  that  an  injection 
of  a  solution  of  quinine  might  cause  enough  destruction  of 
tissue  to  produce  conditions  favourable  for  the  germination 
of  spores. 

It  behoves  us,  therefore,  to  bear  tetanus  in  mind,  even 
though  there  be  no  history  of  injury,  whenever  we  meet 
with  symptoms  similar  to  the  premonitory  symptoms 
mentioned  by  Evler  and  found  to  be  present  in  so  many 
cases  of  this  disease. 

Preservatives  in  Serum. 

Most  serums  have  a  small  amount  of  preservative 
(phenol,  trikresol,  chloroform)  added  to  them,  and  when 
doses  such  as  120  c.cm.  are  given  at  one  time  the  presence 
of  preservatives  requires  consideration  and  raises  the 
question  as  to  how  much  preservative  can  be  given 
without  ill  effect. 

Baccelli  (1911),  who  strongly  recommends  that  tetanus 
should  be  treated  with  subcutaneous  injections  of  carbolic 
acid,  states  that  not  less  than  1  gram  should  be  given 
daily;  J.  H.  Haberlin  (1913)  in  a  case  of  hydrophobia 
gave  22h  grains  of  phenol  subcutaneously  in  twelve  hours 
without  any  evidence,  either  locally  or  generally,  of  any 
deleterious  effects ;  Natoli  (1899)  injected  5.25  grams  of 
phenol  subcutaneously  in  eighteen  days ;  and  Ascoli  (1898) 
gave  75  c.cm.  of  a  3  per  cent,  solution  without  any 
subsequent  toxic  symptoms. 

The  probability  of  ill  effects  being  due  to  the  preserva- 
tives in  serum  when  administered  intrathecally  has  been 
fully  discussed  and  negatived  by  Flexner  in  the  case  of 
automeningococcic  seram.  It  may,  then,  be  safely  assumed 
that  the  amount  of  j)henol  put  into  serum  is  not  likely  to 
have  any  serious  consequences. 

Conclusions. 

Tetanus  may  be  cured  by  the  adrninistration  of  anti- 
toxin, provided  that  the  serum  treatment  is  begun  early 
in  the  attack  and  is  pursued  vigorously  and  continuously. 
Unfortunately  in  the  present  state  of  our  knowledge 
a  diagnosis  is  as  a  rule  made  only  when  the  disease  is 
in  a  stage  so  advanced  as  to  make  the  results  of  treat- 


ment  uncertain,  even  though  very  large  doses  of  anti- 
toxin are  used.  These  large  doses  are  costly,  and  place 
the  serum  treatment  of  tetanus  practically  out  of  the 
reach  of  those  with  shallow  purses — unless,  of  course, 
the  serum  be  provided  by  the  State.  But  in  the  pro- 
phylactic use  of  serum  there  is  within  the  reach  of  every 
one  a  means  of  checking  the  disease.  It  has  been  proved 
beyond  the  shadow  of  a  doubt  that,  wherever  the  prophy- 
lactic use  of  antitoxin  has  been  carried  out  systemati- 
cally, tetanus  may  be  said  to  have  disappeared.  Tetanus 
should  therefore  be  looked  upon  as  a  jjreventable  disease, 
and,  when  one  realizes  this,  there  flashes  across  the  mind 
the  memorable  question,  '■  If  preventable,  why  not 
prevented  ?  " 
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LXXIII.     FURTHER   EXPERIMENTS   ON   VACCINATION 
AGAINST   A   BODY-STRAIN   OF   PLAGUE. 

Bv  SYDNEY  ROWLAND,  M.A.,  M.R.C.S., 

Of  the  Lister  Institute,  London. 

I  FIRST  recognised  that  a  difference  as  regards  antigenic  properties 
existed  between  a  body-strain  and  a  virulent  agar  strain  of  plague 
from  the  fact  that  in  order  to  vaccinate  against  the  former  it  was 
necessary  to  introduce  serum  proteins  as  a  source  of  nutriment  for  the 
bacilli  which  were  destined  for  the  preparation  of  the  antigen. 

In  the  report  (this  Journal,  Plague  Supplement  III,  Jan.  14,  1914, 
p.  409),  "  On  the  influence  of  cultivation  in  serum-containing  media 
upon  the  virulence  and  immunising  properties  of  the  Plague  Bacillus," 
the  method  of  adding  heated  horse  serum  to  the  nutrient  agar  upon 
which  the  organisms  from  which  the  antigen  was  extracted  were  grown, 
was  shown  to  yield  a  vaccine  which  in  doses  of  0*02  mg.  protected 
75  °/g  of  rats  against  a  virulent  body-strain.  It  has  been  attempted  to 
improve  upon  these  figures  by  varying  the  method  of  preparation.  The 
procedure  consisted  in  (1)  varj'ing  the  source  (strain)  of  the  organisms, 
(2)  varj'ing  the  medium  upon  which  these  were  grown. 

The  following  four  methods  were  employed : 

Method  1.  The  source  of  the  organisms  was  a  virulent  agar  strain 
propagated  in  the  laboratory  during  several  years.  This  was  gi'own  in 
10  °/.  serum  broth  for  24  hours.  This  culture  was  used  to  inoculate 
Roux  fla.sks  containing  nutrient  agar,  the  surface  of  which  had  been 
flooded  with  horse  serum,  which  had  been  heated  for  half  an  hour 
at  55°  C. 

Method  2.  The  source  of  the  organisms  w^as  as  in  Method  1.  They 
were  grown  as  before  in  serum  broth.  The  surface  of  the  agar  was  in 
this  case,  however,  flooded  with  a  heated  horse  serum  extract  of  ox 
spleen. 

Method  3.  The  source  of  the  organisms  was  the  spleen  of  a  rat 
dead  of  plague.  They  were  grown  in  fresh  horse  serum  and  inoculated 
on  to  the  surface  of  agar  fiooded  with  a  fresh  horse  serum  extract  of  ox 
spleen. 


Reports  on  Plague  Investigations  in  India       753 

Method  4.  In  this  method  the  source  of  the  organisms  was,  as  in 
the  last  method,  the  spleen  of  a  rat  dead  of  plague.  These  were  grown 
in  fresh  rat  serum  and  inoculated  on  to  the  surface  of  agar  flooded  with 
fresh  rat  serum  extract  of  fresh  rat  spleen. 

Four  antigens  w'ere  prepared  from  the  organisms  grown  in  these 
various  media,  which  will  be  seen  to  form  a  graduated  series  in  which 
the  conditions  obtaining  in  the  body  of  a  living  rat  are  gradually 
approached. 

The  growth  was  in  each  case  killed  by  chloroform  and  swept  off  in 
salt  solution.  From  the  thick  emulsion  of  organisms  thus  obtained  a 
paste  was  thrown  down  in  the  centrifuge.  This  paste  was  then  mixed 
with  twice  its  weight  of  anhydrous  sulphate  of  soda.  An  appropriate 
amount  of  water  was  added  to  the  dry  powder  resulting,  and  the 
sulphate  of  soda  removed  by  filtration  in  the  form  of  a  saturated  solu- 
tion at  37°  C.  The  bodies  of  the  bacilli  remaining  on  the  filter  were 
extracted  in  distilled  water. 

The  vaccinating  power  of  the  four  antigens  was  then  tested  against 
a  body-strain  of  plague  obtained  from  the  spleen  of  a  rat  dead  of  plague. 
A  dose  of  three  millions  of  this  strain  killed  90  "/^  of  uninoculated  rats. 
The  original  source  of  this  strain  was  a  virulent  agar  strain  which  had 
been  passed  through  rats  twice. 

The  results  of  this  experiment  are  shown  in  the  following  table : 


ntigec 
No. 

Strain 

Culture 

Agar  flooded 
with 

No.  of  Rats 
inoculated 

Percentage  which 
survived  the 
inoculation 

1 

Agar 

Serum 
broth 

Heated  horse 
serum 

47 

57 

2 

Agar 

Serum 
broth 

Serum  spleen 
extract 

39 

74 

.3 

Spleen 

Fresh 
horse 
serum 

Serum  spleen 
extract 

41 

75 

4 

Spleen 

Fresh 

rat 
serum 

Fresh  rat 
serum  spleen 
extract 

43 

84 

From  these  results  I  conclude  that  as  the  conditions  in  the  culture 
medium  that  is  used  for  the  propagation  of  the  organisms  that  are  to 
afford  an  antigen  approach  those  that  obtain  in  the  body  of  the  living 
animal,  so  the  efficiency  of  the  antigen  against  a  body-strain  of  plague 
is  increased. 


/l/'K 


LXXTV.     IMMUNISATION   BY   PSEUDOTUBERCLE. 

By  SYDNEY  ROWLAND,  M.A,  M.R.C.S., 

Of  the  Lister  Institute,  London. 

Ix  this  Journal  (Vol.  Xii.  Dec.  1912,  p.  350)  I  concluded  from  the 
results  of  experiments  that  it  was  possible  to  immunise  the  guinea-pig 
against  plague  by  means  of  killed  cultures  of  the  pseudotubercle  bacillus, 
but  that  it  was  very  difficult  to  immunise  the  rat  by  the  same  method. 
Since  the  publication  of  these  results  I  have  discovered  the  important 
distinction  as  regards  antigenic  properties  between  a  culture  of  the 
plague  bacillus  propagated  on  broth  peptone  media  and  on  serum  or  in 
the  body,  respectively. 

In  view  of  this  new  knowledge  it  became  necessary  to  repeat  these 
earlier  experiments,  using  a  serum  strain  of  the  plague  bacillus  to  test 
the  immunity  conferred  by  the  pseudotubercle  bacillus 

For  the  purpose  of  the  tests  which  follow,  a  culture  was  employed 
that  for  six  months  had  been  grown  continuously  in  the  body  of  the 
living  rat.  When  required  for  testing  it  was  isolated  on  fresh  blood 
agar  and  grown  in  serum  broth.  A  dose  of  three  million  such  organisms 
constituted  the  test  dose. 

The  vaccines  were  prepared  in  the  same  manner  as  before,  the 
pseudotubercle  bacillus  being  grown  on  agar,  killed  by  chloroform  and 
suspended  in  salt  solution.  The  vaccinating  dose  was  ten  thousand 
million  (approximately  the  number  present  on  a  24  hours'  agar  slope), 
which  was  the  dose  of  organisms  previously  employed. 

With  this  vaccine  26  rats  were  inoculated.  One  week  after  the 
vaccination  the  rats  received  the  standard  dose  of  living  virulent  plague 
(body-strain). 

Six  rats  survived  the  test. 

Similarly  28  guinea-pigs  were  vaccinated  and  tested  for  immunity 
in  exactly  the  same  way. 

Four  guinea-pigs  survived  the  test. 
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This  result  is  in  striking  contrast  to  that  previously  obtained  in 
which  no  difficulty  was  experienced  in  immunising  guinea-pigs  against 
a  virulent  agar  strain  of  plague. 

The  fundamental  difference  which  exists  between  the  agar  strain 
and  the  serum  (body)  strain  is  emphasised  in  these  experiments. 

Similar  series  of  rats  and  guinea-pigs  were  vaccinated,  using  the 
nucleoprotein  extract  as  in  the  former  series  of  experiments.  In  these 
series  also  no  immunity  followed  the  treatment. 

The  original  statement  as  to  the  possibility  of  vaccinating  against 
virulent  plague  by  means  of  the  pseudotubercle  bacillus  must  now  be 
modified  to  the  following: 

It  is  possible  to  immunise  guinea-pigs  against  a  virulent  strain  of 
plague  propagated  upon  broth  peptone  media,  by  means  of  the  pseudo- 
tubercle  bacillus,  but  not  possible  to  immunise  either  rats  or  guinea-pigs 
against  the  same  strain  of  plague  taken  from  the  body  and  grown  in 
serum-containing  media,  either  by  the  whole  bacillus  or  by  means  of 
the  nucleoprotein  extract  obtained  from  it. 
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LXXV.     IMMUNISATION   BY   LIVING   AVIRULENT 
CULTURES   (STRONG). 

By  SYDNEY  ROWLAND,  M.A.,  M.R.C.S., 
Of  the  Lister  Institute,  London. 

Immunisation  by  living  avirulent  cultures  has  been  advocated  and 
aetuallv  c<\rried  out  by  Strong  {Philippine  Journal  of  Science,  Vol.  ii. 
No.  3,  June  1907). 

By  hi.><  courtesy  I  have  had  the  opportunity  of  testing  the  immunis- 
ing power  of  his  culture  on  white  rats.  It  proved  quite  avirulent  both 
to  guinea-pigs  and  rats,  and  all  attempts  to  raise  its  virulence  failed. 
Strong  found  that  he  was  able  to  immunise  guinea-pigs  by  the  previous 
subcutaneous  inoculation  of  an  agar  slope  of  his  organism. 

The  term  agar  slope  as  a  quantitative  expression  for  a  dose  of 
bacilli  is  rather  a  vague  one.  From  some  estimations  of  the  number  of 
organisms  present  on  an  agar  slope  of  average  growth  intensity,  I 
adopted  the  number  10,000,000,000  as  roughly  expressing  the  number 
of  organisms  present. 

A  number  of  Roux  fla.sks  were  inoculated  with  Strong's  culture  and 
the  growth  swept  off  in  salt  solution.  The  number  of  organisms  present 
in  the  emulsion  was  determined  by  the  direct  counting  method  described 
in  this  Journal  (Vol.  Xll.  1912,  p.  362). 

Twenty  rats  and  twenty  guinea-pigs  were  then  inoculated  sub- 
cutaneously  with  such  a  quantity  of  the  emulsion  as  contained  10,000 
million  organisms. 

A  week  later  all  the  animals  received  a  test  dose  of  three  million 
living  virulent  plague  organisms  from  a  passed  culture  that  killed  90  7o 
of  normal  rats  inoculated  with  this  dose. 

Of  the  20  guinea-pigs  13  died  of  plague  and  of  the  20  rats  9  died  of 
plague,  a  survival  percentage  of  35  in  the  case  of  the  guinea-pigs  and 
52  in  the  case  of  the  rats. 

It  has  been  previously  shown  in  these  reports  that  successfully  to 
vaccin;ite  against  a  body-strain  the  antigen  employed  must  be  prepared 
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from  organisms  grown  as  far  as  possible  under  conditions  obtaining  in 
the  body.  (This  Journal,  Plague  Supplement  III,  Jan.  1914,  p.  408.) 
The  experiment  was  accordingly  made  of  growing  Strong's  avirulent 
culture  in  a  serum  medium  and  again  testing  its  immunising  power. 
A  culture  was  prepared  in  10  °/^  serum  broth,  which  was  then  flooded 
on  to  the  surface  of  agar.  Twenty-seven  rats  were  vaccinated  with  200 
million  of  the  resulting  living  organisms.  A  week  later  their  immunity 
was  tested  with  the  standard  dose  of  virulent  plague.  Eight  rats  died 
of  plague  as  the  result  of  the  test,  the  remaining  19  surviving,  a  survival 
percentage  uf  73.  This  is  a  higher  survival  rate  than  that  obtained 
from  the  previous  series,  notwithstanding  that  in  the  previous  series  the 
dose  of  organisms  was  50  times  as  great. 

It  is  concluded  that  the  addition  of  serum  proteins  to  the  culture 
medium  had  materially  enhanced  the  protective  power  of  the  culture, 
a  result  that  is  in  complete  accord  with  my  previous  experience. 

Further  experiments  on  this  point  are  in  progi-ess. 

The  nucleoprotein  obtained  from  Strong  s  culture. 

From  the  same  strain  of  organisms  as  that  used  in  preparing  the 
vaccine  for  the  last  experiment  (serum  broth  strain)  a  series  of  Roux 
flasks  containing  nutrient  agar  flooded  with  heated  horse  serum  was 
inoculated.  The  growth  obtained  was  used  in  the  preparation  of  a 
nucleoprotein  extract  {v.  sujyra). 

The  toxicity  of  this  extract  was,  for  white  rats,  but  slightly  lower 
than  that  obtained  from  the  standard  virulent  strain  when  grown  under 
the  same  conditions. 

strong  strain  nucleoprotein  Virulent  strain  nucleoprotein 


Dose 

Rat 

Dose 

Eat 

0-5  mg. 

1  died  2  days 

2  „     3    „ 

0-5  mg. 

1  died  1  day 

2  „     1    ,, 

0-25  mg. 

3  „     2    „ 

4  „     3    „ 

0-25  mg. 

3  „     1    ,, 

4  „     1    ,, 

0-1  mg. 

0     „     1    „ 

6    ,,     2  days 

The  immunising  power  of  this  extract  was  also  determined,  30  rats 
receiving  002  mg.  as  a  vaccinating  dose.  Five  days  later  all  were 
tested  with  the  standard  virulent  culture,  three  million  organisms  being 
given  as  in  the  other  series;  18  rats  died  of  plague,  12  or  40  7o  only 
surviving. 

This  result  is  of  interest  as  it  indicated  the  amount  of  loss  in  im- 
munising value  that  the  nucleoprotein  suffers  during  the  process  of 
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extraction.  Roughly  0-02  mg.  of  nucleoprotein  is  contained  in  200 
million  organisms.  The  two  series  of  rats  therefore  received  the  same 
dose  of  nucleoprotein.  (It  will  be  remembered  that  the  fact  that  the 
immunising  power  of  the  plague  bacillus  resided  in  its  contained  nucleo- 
protein was  established  in  the  first  of  these  reports,  this  Journal, 
Vol.  IX.  No.  3,  Nov.  1910.)  A  comparison  of  the  survival  percentages 
in  the  two  series  of  rats  73  'j^ — iO  ",  affords  an  index  of  the  deteriora- 
tion of  the  antigen  due  to  the  process  of  extraction. 

On  the  other  hand  the  rats  that  received  the  whole  organism,  one 
and  all  suffered  from  abscesses  at  the  site  of  inoculation,  whereas  the 
local  reaction  in  the  case  of  the  rats  that  received  the  nucleoprotein 
extract  was  absent.  This  series  of  rats  would  easily  have  absorbed 
twice  the  dose  of  the  extract,  in  which  case  it  is  reasonable  to  suppose 
the  resulting  immunity  would  have  been  correspondingly  higher. 

Strong  found  {loc.  cit.)  that  his  culture  would  immunise  guinea-pigs. 
As  we  have  seen,  the  survival  rate  when  a  dose  of  ten  thousand  million 
organisms  (one  agar  slope)  was  given,  was  35"/^.  The  survival  rate 
found  by  Strong  was  considerably  higher  than  this,  averaging  75  7o- 
This  suggests  that  the  test  culture  used  by  him  was  not  as  virulent  as 
the  test  culture  employed  by  me. 

Some  further  experiments  were  made  with  the  living  organism  and 
with  the  nucleoprotein  extract  obtained  from  a  growth  in  serum 
containing  media. 

Twenty-seven  guinea-pigs  received  200  million  living  organisms 
each  as  a  vaccinating  dose.  The  organisms  were  grown  on  agar. 
"\Mien  tested  in  the  same  manner  as  before  24  died  of  the  disease.  In 
another  series  29  guinea-pigs  received  0"02  mg.  of  the  nucleoprotein 
extract,  of  this  series  27  died  of  plague  when  submitted  to  the  standard 
test. 

From  these  experiments  I  conclude  that : 

1.  The  immunity  to  the  standard  virulent  culture  obtained  as 
a  sequel  to  vaccination  with  living  avirulent  organisms  grown  on  agar  is 
less  than  that  obtained  after  vaccination  Avith  the  antigen  prepared 
from  the  same  virulent  culture. 

2.  The  imnmnity  conferred  on  guinea-pigs  is  small  but  distinct. 
This  is  the  only  means  available  for  producing  any  immunity  in 
guinea-pigs. 
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LXXVI.     THE   INFLUENCE   OF   RACE   ON   THE 
EFFICIENCY   OF   THE   ANTIGEN. 


By  SYDNEY  ROWLAND,  M.A.,  M.R.C.S., 

Of  the  Lister  Institute,  London. 

A  FURTHER  series  of  rats  immunised  with  200  million  living 
avinilent  organisms  (Strong)  presents  some  interesting  comparisons 
with  the  series  already  mentioned.     (See  this  Joarna^,  p.  756.) 

This  series  was  tested  not  with  the  standard  virulent  body-strain 
but  with  a  culture  received  from  Dr  Castellani,  who  isolated  it  from 
a  case  of  plague  during  the  recent  small  epidemic  in  Ceylon  {British 
Medical  Journal  (1914),  No.  2779,  p.  752).  This  culture  was  not  very 
virulent,  killing  only  50  '/^  of  the  controls. 

Of  42  rats  immunised  with  the  avirulent  culture  25  or  59  °j^  survived 
the  test  inoculation. 

The  controls  showed  a  survival  rate  of  50  7o  so  that  the  degree  of 
immunity  conferred  appears  to  have  been  trifling,  and  the  result 
suggests  that  the  degree  of  immunity  produced  by  the  '  Strong ' 
antigen  against  the  laboratory  strain  is  gi'eater  than  against  the  Ceylon 
strain.  The  laboratory  strain  was  more  virulent  than  the  Ceylon  strain 
(as  shown  by  tests)  so  that  I  must  conclude  that  the  two  strains  differ 
as  regards  their  antigens.  If  this  is  true  it  presents  another  complica- 
tion in  preventive  inoculation  against  plague,  for  satisfactory  results 
might  only  follow  vaccination  with  the  particular  strain  concerned  in 
any  particular  epidemic. 

It  is  possible  that  this  phenomenon  may  account  for  the  poor  results 
obtained  by  the  Dutch  authorities  with  Haffkine's  prophylactic  in  Java. 
{Mededeelingen  van  den  Burgerlijken  Geneeskundigen  Dienst  in  Neder- 
landsch- Indie  (1912),  pp.  140—148.) 

To  further  elucidate  this  point  two  series  of  rats  were  vaccinated. 
Series  I  with  the  antigen  (nucleoprotein  extract)  obtained  from  the 
Ceylon  strain,  Series  II  with  the  antigen  obtained  ft-om  the  laboratory 
virulent  strain. 

Of  49  rats  vaccinated  with  the  '  Ceylon '  antigen  36  °/^  survived  the 
test  by  the  virulent  laboratory  strain,  whilst  of  47  rats  vaccinated  with 
the  virulent  laboratory  strain  antigen  and  tested  with  the  virulent 
laboratory  strain  no  less  than  60  °/^  survived. 

It  would  appear  then  that  the  antigens  derived  from  the  Ceylon 
strain  are  not  entirely  identical  with  those  derived  from  the  laboratory 
virulent  strain  and  that  cross  immunisation  is  not  complete. 
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LXXVII.  ON  THE  FAILURE  TO  VACCINATE  AGAINST 
A  VIRULENT  BODY-STRAIN  EVEN  WITH  AN  ANTIGEN 
PREPARED  AS  FAR  AS  POSSIBLE  UNDER  BODY 
CONDITIONS. 

By  SYDNEY  ROWLAND,  M.A,  M.R.C.S., 
Of  the  Lister  Institute,  London. 

As  experience  with  vaccinating  experimental  animals  (rats)  in  the 
laboratory  has  accumulated  so  the  difficulties  attending  the  work 
increase.  One  of  the  gi-eat  difficulties  I  have  experienced  recently  is 
the  sudden  and  unexpected  rise  in  virulence  of  the  test  culture.  This 
culture  has  now  been  kept  going  in  the  bodies  of  living  rats  for  nearly 
a  year.  Originally  derived  from  a  virulent  agar  strain  it  has  been 
passed  and  repassed  continuously.  On  the  death  of  a  rat  the  spleen 
organisms  are  isolated  on  agar,  the  surface  of  which  is  smeared  with 
fresh  heart  blood.  From  the  culture  thus  obtained,  which  is  almost 
invariably  a  pure  growth,  a  serum  broth  culture  is  made.  Three 
million  organisms  from  this  growth  have  now  for  some  time  constituted 
the  standard  test  for  immunity.  Such  a  dose  kills  ^0°/^  of  unprotected 
rats  in  from  three  to  four  days.  Recently,  however,  the  virulence  of 
this  culture  has  risen  to  a  still  higher  degi'ee  and  at  present  it  will  kill 
ten  rats  out  of  ten  in  two  days.  The  virulence  of  this  culture  is  apparent 
at  the  post-mortem  examination  of  the  animals. 

The  extent  to  which  the  infection  pervades  the  animal  is  astonishing. 
The  local  reaction  extends  up  the  entire  side  of  the  rat,  the  pelvic 
glands  and  spleen  even  after  this  short  period  are  a  closely  packed 
mass  of  bacilli.  After  a  somewhat  extensive  acquaintance  with  the 
appearance  of  rats  dead  of  plague,  in  the  course  of  which  I  have 
examined  many  thousands  of  animals,  I  have  never  seen,  even  during 
the  height  of  a  Bombay  epidemic,  animals  so  severely  infected.  Ad- 
vantage was  taken  of  this  rise  in  virulence  of  the  test  culture  to 
determine  the  immunity  conferred  against  it  by  an  antigen  prepared 
from  it. 
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For  this  purpose  two  antigens  were  prepared. 

Antigen  No.  I  was  prepared  from  a  growth  of  the  organisms  on 
nutrient  agar  flooded  with  fresh  rat  serum,  antigen  No.  II  was  prepared 
in  the  same  manner  with  the  exception  that  an  intermediate  culture  in 
fresh  rat  serum  Was  interposed. 

With  the  first  antigen  44  rats  were  inoculated.  The  dose  was 
0*02  mg.  Of  these  44  rats  38  succumbed  to  infection  when  tested 
five  days  later  with  three  million  organisms. 

With  the  second  antigen  49  rats  were  inoculated,  using  the  same 
0'02  mg,  dose.  Of  these  34  died  of  plague  when  tested  five  days  after 
the  inoculation  of  the  antigen. 

Now  these  results  are  in  striking  contrast  to  those  detailed  in  a 
previous  Report  (see  this  Journal,  p.  753),  where  it  was  shown  that  a  con- 
siderable immunity  followed  the  inoculation  of  the  same  dose  of  an 
antigen  prepared  from  the  same  stock  of  organisms  after  three  passages 
through  rats,  when  tested  against  a  strain  of  corresponding  virulence. 

In  practice  strains  of  organisms  of  every  possible  degi'ee  of  virulence 
will  assuredly  be  met  with,  and  should  a  strain  corresponding  to  the 
one  with  which  the  above  experiments  were  made  be  prevalent  in 
a  local  epidemic,  complete  failure  of  any  protective  inoculation  at 
present  known  will  occur. 
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LXXVllI.  THE  PROTECTIVE  AND  CURATIVE  VALUE, 
AGAINST  INFECTION  WITH  A  SERUM  RACE  OF 
PLAGUE,  OF  THE  SERUM  OF  A  HORSE  IMMUNISED 
WITH  NUCLEOPROTEIN  EXTRACTED  FROM  A  STRAIN 
OF  PLAGUE  BACILLI  PROPAGATED  ON  SERUM 
PROTEIN. 

By  SYDNEY  ROWLAND,  M.A,  M.R.C.S., 

Of  the  Lister  Institute,  London. 

I  HAVE  shown  in  a  previous  report  (this  Journal,  Vol.  xi.  Dec.  1911, 
pp.  W  et  seq.)  that  a  protective  and  curative  scrum  for  rats  can  be 
prepared  against  a  broth  (laboratory)  strain  of  plague,  by  means  of 
immunising  horses  against  a  toxic  nucleoprotein  derived  from  the 
bodies  of  the  same  strain  of  plague  bacilli,  also  propagated  upon  broth. 
The  administration  of  such  a  serum  in  doses  of  1*0  c.c.  subcutaneously, 
completely  protected  a  series  of  rats,  which  had  received,  subsequent  to 
inoculation,  a  standard  test  lethal  dose  of  broth  organisms.  The  serum, 
moreover,  exercised  a  curative  action  in  the  case  of  another  series  of 
rats,  when  administered  in  05  c.c.  doses,  6 — 30  hours  after  inoculation 
with  the  usual  test  dose,  reducing  the  mortality  from  80  to  18  7o- 
When,  however,  immune  serum  prepared  in  the  above  manner  was 
tried  in  practice  in  Bombay  (this  Journal,  ibid.,  pp.  326  et  seq.)  in  cases 
of  human  pest,  the  results  obtained  were  very  discouraging  and  failed 
to  show  any  effect  whatever  in  influencing  the  course  of  the  disease. 

It  was  suggested  to  me  by  Dr.  Martin,  of  the  Lister  Institute,  that 
the  uxplanation  of  this  .seeming  paradox  lay  in  the  fact  that  the  serum 
that  gave  such  good  results  on  rats  in  the  laboratory  failed  in  Bombay 
because  the  strain  of  organisms  with  which  the  serum  was  prepared 
and  against  which  it  was  tested  was  a  laboratory  or  broth  strain. 
Acting  on  this  suggestion  it  became  of  interest  to  ascertain  whether 
a  serum  could  be  prepared  using  as  a  source  of  the  immunising  toxin  a 
body-strain  of  organisms  and  using  the  same  strain  as  a  test  of  the 
efficiency  of  the  serum. 

The  horse  "  Wealdstone,"  that  was  used  for  the  preparation  of  the 
first  batch  of  serum,  was  accordingly  taken  in  hand. 


Reports  on  Plague  Investigations  in  India       763 

A  bleeding  before  the  immunisation  was  commenced  was  tested 
both  against  a  body-strain  and  against  a  broth  strain  of  plague  with  the 
results  shown  in  the  table : 

Broth  race  3,000,000  organisms 

Dose  serum  24  hours  before  test  Dose  serum  24  hours  after  test 

1  c.c.  1  c.c. 

10  rats,  3  died  pest  10  rats,  5  died  pest 

0-1  c.c.  [Controls  10  rats,  0-1  c.c. 

10  rats,  7  died  pest  8  died  pest]  10  rats,  4  died  pest 

Serum  race  3,000,000  organisms 

1  c.c.  1  c.c. 

10  rats,  5  died  pest  10  rats,  10  died  pest 

0-1  c.c.  [Controls  10  rats,  0-1  c.c. 

10  rats,  10  died  pest  10  died  pest]  10  rats,  10  died  pest 

This  experiment  shows  that,  as  had  been  suggested,  the  serum  of 
the  horse  Wealdstone  (which  was  the  serum  that  was  sent  to  Bombay 
for  Clinical  experience)  was  still  operative  against  a  broth  strain  of 
plague  but  absolutely  without  effect  against  a  body-strain  of  plague. 
If  the  test  above  given  be  compared  with  that  given  in  the  previous 
report  (this  Journal,  loc.  cit.)  it  will  be  seen  that  the  serum  was  of  the 
same  order  of  potency  as  on  the  occasion  of  the  last  test. 

These  results  also  emphasise  the  difference  between  a  serum  race 
and  a  broth  race,  for  whereas  0"1  c.c.  of  the  serum  was  followed  by  the 
survival  of  six  out  of  ten  rats  when  given  twenty-four  hours  after  the 
test  dose  of  broth  organisms,  the  same  quantity  of  serum  was  without 
effect  against  the  same  number  of  serum  organisms  (body-strain)  which 
had  been  inoculated  into  ten  rats  the  same  time  before  the  inoculation 
of  the  serum. 

The  immunisation  of  the  horse  was  then  proceeded  with. 

The  material  used  for  the  immunisation  was  a  toxic  nucleoprotein 
extract  prepared  from  a  body-strain  of  plague  gi'own  in  horse  serum 
on  the  surface  of  agar  in  Roux  flasks.  (For  method  vide  this  Journal, 
Vol.  X.  Nov.  1910,  pp.  536  et  seq.) 

The  horse  received,  intravenously,  doses  of  this  extract  as  follows : 

16 — 2 — 14         10  milligrammes 
18—2—14         30 
23—2—14         10 
27—2—14         .50 

•     4_3_i4  200 

10—3—14  400 

17—3—14  800 

28—3—14  Bled  1  litre. 

Journ.  of  Hyg.  49 
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The  immediate  effect  on  the  horse  after  each  dose  was,  especially 
after  the  larger  doses,  prostrating.  This  soon  passed  off  and  as  a  rule 
the  horse  was  in  his  usual  form  in  the  course  of  two  days. 

The  test  of  the  bleeding  taken  on  28 — 3 — 14  is  given  in  the  table. 
This  test  was  against  the  same  body-strain  as  that  used  for  the  previous 
test.  During  the  time  the  immunisation  of  the  horse  lasted,  the  strain 
was  passed  continuously  through  rats,  being  isolated  at  intervals  on 
fresh  rat  blood  agar. 

The  number  of  plague  organisms  used  for  all  these  tests  was  three 
millions. 

Test  of  bleeding  28 — 3 — 14  against  serum  race,  3,000,000  organisms 

Dose  semm  24  hours  before  Dose  serum  24  hours  after 

1  c.C.  1  c.c. 

10  rats,  4  died  pest  10  rats,  3  died  pest 

0-1  c.c.  [Controls  10  rats,  0*1  c.c. 

10  rats,  6  died  pest  10  died  pest]  10  rats,  5  died  pest 

001  c.c.  001  c.c. 

10  rats,  8  died  pest  10  rats,  10  died  pest 

The  effect  of  the  immunisation  of  the  horse  has  been  to  render  its 
serum  operative  against  a  serum  (body)  strain  of  plague,  against  which, 
before  the  immunisation,  it  was  inoperative. 

For  whereas  before  the  immunisation,  of  ten  rats  that  received  1  c.c. 
24  hours  after  the  administration  of  the  test  dose,  all  died  of  plague, 
after  the  immunisation,  of  ten  rats  that  received  the  same  dose  the  same 
time  after  the  test  inoculation,  only  three  died  of  plague. 

Similarly  with  the  smaller  doses  of  serum.  After  the  immunisation, 
01  c.c.  of  serum  saved  five  rats  out  of  ten  that  had  24  hours  previously 
received  the  test  dose  of  the  body-strain.  Before  the  immunisation  this 
dose  of  serum  was  absolutely  without  effect  under  the  same  conditions, 
not  only  so  but  ten  times  this  dose,  1"0  c.c,  was  similar!}'  inoperative. 

It  is  concluded  that  just  as  with  a  broth  race  it  is  possible  to 
prepare  a  curative  serum  against  a  broth  race,  so  with  the  body-strain 
it  is  po.ssible  to  prepare  a  serum  operative  against  a  body-strain. 

Note. — It  is  of  interest  to  note  that  the  amount  of  toxin  that  was 
administered  to  the  horse  intravenously  on  17 — 3 — 4,  viz.  800  milli- 
grammes, was  contained  in  the  growth  from  about  300  Roux  bottles,  an 
amount  that  is  quite  impossible  to  administer  if  given  wrapped  up  in 
the  bodies  of  the  bacilli.  This  is  one  of  the  advantages  of  using  the 
nucleoprotein  extract.  Given  in  the  form  of  an  emulsion  of  bacilli  this 
amount  of  toxin  would  be  contained  in  about  three  litres  of  thick 
emulsion.  To  put  three  litres  of  thick  emulsion  into  the  vein  of  a  horse 
would  probably  prove  immediately  fatal. 


LXXIX.     ULTRAVIOLET  LIGHT  AS  A  GERMICIDE  IN 
THE  PREPARATION   OF   PLAGUE   VACCINE. 

By  SYDNEY  ROWLAND,  M.A.,  M.R.C.S., 

Of  the  Lister  Institute,  London. 

In  the  course  of  these  reports  it  has  been  shown  that:  (1)  An 
efficient  protection  against  a  laboratory  strain  of  plague  is  easily 
obtained  by  vaccination  with  a  nucleoprotein  extract  obtained  by  the 
dehydration  method  (this  Journal,  Vol.  X.  No.  3,  Nov.  1910,  pp.  536 
et  seq.).  (2)  An  immunity  of  a  high  order  may  be  obtained  against  a 
body-strain  of  plague  by  the  use  of  a  nucleoprotein  extract,  provided  the 
organisms  furnishing  the  extract  are  of  the  same  strain  as  those  against 
which  it  is  desired  to  vaccinate  (this  Journal,  Plague  Supplement  III, 
Jan.  1914,  pp.  403  et  seq.). 

The  use  of  heat  being  inadvisable  in  the  preparation  of  such  vaccines 
owing  to  its  deleterious  effects  on  the  antigen,  and  the  preparation 
of  the  nucleoprotein  extract  requiring  a  somewhat  special  equipment 
for  its  successful  employment,  other  means  were  sought  whereby  it 
might  be  possible  to  destroy  the  infectivity  of  a  vaccine  without  at  the 
same  time  destroying  the  contained  antigen.  Could  such  means  be 
found  the  preparation  of  a  vaccine  might  be  greatly  simplified.  The 
use  of  a  whole  vaccine  entails  in  practice  certain  well-known  conveniences 
of  manipulation.  The  desideratum  being  then  some  method  of  killing 
a  culture  of  enhanced  virulence  (body-strain)  without  at  the  same  time 
so  deteriorating  the  antigen  contained  within  it  that  it  is  rendered 
useless,  the  well-known  bactericidal  action  of  ultraviolet  light  suggested 
itself  as  a  method  worth  investigating. 

Experiment  1  (Orientating  experiment). 

A  thick  emulsion  of  virulent  bacilli  obtained  from  the  spleen  of 
a  rat  dead  of  plague,  isolated  on  blood  agar,  was  prepared  in  salt  solu- 
tion.    (A  similar  emulsion  was  used  throughout  these  experiments.) 

49—2 


766  Ultraviolet  Light  as  a  Germicide 

This  was  exposed  to  the  light  of  a  5  ampere  arc  for  one  hour,  using 
a  quartz  cell  and  a  quartz  collecting  lens. 

Ten  control  rats  inoculated  with  20  million  organisms.     All  died  of 

plague. 

Ten  control  rats  inoculated  with  the  same  dose  that  had  been 
exposed  to  the  same  radiation  employing  a  glass  collecting  lens,  all  died 
of  plague. 

Of  ten  rats  inoculated  with  the  same  dose  of  the  emulsion  exposed 
to  the  radiation  collected  by  a  quartz  lens,  one  died  of  plague. 

This  result  shows  that  the  bactericidal  radiation  is  stopped  by 
glass,  i.e.  that  the  active  rays  are  of  shorter  wave  length  than  about 
330  micro  mu. 

Experiment  2. 

The  same  experiment  was  repeated,  using  a  quartz  collector,  and  the 
time  of  exposure  was  varied  from  40  minutes  to  five  minutes.  Of  the 
entire  series  of  rats  inoculated  with  a  dose  of  20  million  organisms  all 
survived. 

As  short  a  time  as  five  minutes  is  therefore' sufficient  to  kill  the 
plague  bacillus  when  exposed  to  the  radiation  from  a  carbon  arc. 

Experiment  3. 

The  same  experiment  was  repeated,  exposure  times  as  short  as 
one  minute  being  employed. 

The  results  are  shown  in  the  following  table.  Six  rats  were  in  each 
case  inoculated  with  30  million  organisms. 


Controls 

all  died 

of  plague 

1  min.  exp. 

4 

2 

•5 

3 

4 

4 

1         „ 

5 

1 

8 
LO 

0 
0 

The  previous  result  was  thus  confirmed. 

The  survivors  were  then,  after  an  interval  of  ten  days,  tested  for 
immunity.     All  died  of  plague. 

The  inoculation  of  30  million  organisms,  killed  by  ultraviolet  light, 
had  therefore  produced  no  immunity. 
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Experiment  4. 

The  last  experiment  was  repeated,  using  nickel  cored  carbons  which 
afiFord  a  particularly  rich  ultraviolet  spectrum,  with  the  following 
results : 

Controls  all  died  of  plague 

1  minute  5 

2  minutes         3 
4       „  0 

10       „  0 

The  survivors  were  then,  after  an  interval  of  ten  days,  tested  for 
immunity.     None  was  evident. 

There  were  two  survivors  from  the  six  rats  that  had  received  the 
organisms  submitted  to  two  minutes'  exposure,  and  two  from  the  six  rats 
that  had  been  submitted  to  four  minutes'  exposure  to  the  radiation. 

Experiment  5. 

The  last  two  experiments  were  repeated,  using  the  radiation  from 
a  quartz  mercury  lamp. 


No.  rats 
6 

Min.  exposure 

1 

Fate  after  test 
2  survived 

6 

2 

1 

6 

4 

2 

6 

10 

0 

All  the  rats  survived  the  preliminary  inoculation  with  the  radiated 
organisms. 

The  conclusions  to  be  drawn  from  these  experiments  are  that : 
(1)  Ultraviolet  light  kills  plague  bacilli  with  facility.  (2)  The  killing 
of  the  organisms  is  accompanied  by  destruction  of  the  antigen.  There 
was  still  a  chance,  however,  that  by  using  rays  of  definite  wave  length  a 
differential  effect  might  be  obtained,  and  that  a  wave  length  could  be 
found  that  whilst  being  bactericidal  was  not  capable  of  injuring  the 
antigen. 

I  therefore  set  about  to  ascertain  the  wave  length  of  the  rays 
responsible  for  the  killing. 

The  spectrum  of  the  light  emitted  by  a  quartz  mercur}^  lamp 
projected  by  a  quartz  prism  and  a  simple  lens  of  40  cm.  focal  length 
was  employed. 

The  spectrum  was  projected  on  to  the  surface  of  an  agar  plate 
preA'iously  inoculated  with  a  virulent  strain  of  plague.     It  was  found 
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that  after  half  an  hour's  exposure  no  growth  took  place  beyond  the 
line  296  micro  mu. 

This  experiment  was  repeated  several  times  and  the  point  estab- 
lished that  wave  lengths  shorter  than  this  were  uniformly  bactericidal 
up  to  the  extreme  limit  of  the  spectrum  that  the  apparatus  would 
yield,  ie.  up  to  about  the  line  237  micro  mu.  We  may  say  then  that 
the  bactericidal  region  of  the  available  spectrum  extends  between  the 
lines  237  and  296. 

The  method  of  plating  was  controlled  by  a  direct  observational 
method,  using  a  broth  culture  of  Bacillus  enteritidis.  The  spectrum 
was  projected  into  the  quartz  substage  condenser  of  the  microscope  and 
the  preparation  illuminated  by  a  subsidiary  lamp,  the  light  from  which 
was  reflected  from  the  last  face  of  the  quartz  prism.  Matters  were  so 
arranged  that  any  desired  wave  length  could  be  employed.  A  particular 
organism  was  selected  and  its  movement  followed  with  the  eye.  By 
opening  a  shutter  controlling  the  ultraviolet  light  at  the  desired 
moment  the  effect  of  any  wave  length  on  the  motility  of  the  bacillus 
could  be  observed. 

Working  in  this  way  it  was  found  that  motility  was  immediately 
arrested  as  soon  as  the  region  2967  was  reached  and  that  the  effect  was 
still  recognizable  as  far  as  the  region  2557,  after  which  it  became  so 
slight  as  to  be  uncertain. 

This  experiment,  which  was  repeated  very  many  times,  always  led 
to  the  same  result. 

Further  observations  wei-e  made  on  infusoria  and  on  algae  and 
desmids.  The  effect  of  the  bactericidal  rays  on  these  organisms  was 
often  very  startling.  One  particular  infusorian  employed  {sp.  incert) 
which  contained  a  large  number  of  chloroplasts,  on  being  submitted  to 
the  effect  of  the  rays  immediately  burst,  scattering  the  chloroplasts. 
A  diatom  will  under  the  same  circumstances  separate  its  valves  and 
extrude  its  contents,  an  alga  will  contract  its  chlorophyll  bands  into  a 
central  tangled  mass  and  many  other  unicellular  organisms  will  behave 
in  curious  and  unexpected  ways. 

So  far,  then,  the  possibility  of  preparing  a  vaccine  by  the  help  of 
these  extraordinarily  energetic  rays  did  not  appear  hopeful.  The 
violence  of  their  action  was  unexpected,  but  it  is  well  known  that  many 
ferments  are  destroyed  by  ultraviolet  light. 

The  next  point  to  be  determined  was  the  extent  of  the  spectrum 
that  was  absorbed  by  the  antigen,  which  for  this  purpose  may  be  taken 
as  the  nucleoprotein  extract  prepared  by  the  sulphate  method.      The 
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absorption  spectrum  of  this  substance  was  accordingly  determined, 
and  it  was  found  that  absorption  commenced  at  the  line  2967  and 
extended  to  the  extreme  ultraviolet. 

Now  the  line  2967  is  the  last  line  that  parmits  the  bacillus  to  grow 
when  exposed  to  the  influence  of  the  complete  spectrum  as  we  have 
above  pointed  out.  It  appears  then  that  that  region  of  the  spectrum 
which  is  responsible  for  the  bactericidal  effect  is  precisely  that  region 
that  is  absorbed  by  the  antigen.  It  was  still  barely  possible  that  there 
existed  wave  lengths  that  while  being  absorbed  by  the  antigen  were 
bactericidal  but  not  capable  of  injuring  the  antigen.  This  was  a  bare 
possibility,  but  no  more. 

The  experiment  was  accordingly  made  of  exposing  an  emulsion  of 
bacilli  to  the  entire  radiation  of  a  quartz  lamp  through  the  (query)  pro- 
tective action  of  a  solution  of  the  antigen.  Thirty  rats  were  inoculated 
with  a  vaccine  prepared  in  this  manner,  the  exposure  varying  from  five 
to  20  minutes.  Subsequent  test  with  a  virulent  culture,  which  killed  all 
out  of  ten  controls,  also  killed  the  whole  of  the  30  inoculated  rats. 

It  is  concluded  from  these  experiments  that  the  bactericidal  and 
antigen  injuring  regions  of  the  spectrum  are  identicaP. 

I  wish  to  express  my  profound  sense  of  obligation  to  Dr.  C.  J. 
Martin,  Director  of  the  Lister  Institute,  for  his  help  throughout  the 
entire  work  on  the  results  of  which  these  reports  are  based ;  also  to  my 
colleagues  on  the  staff  of  the  Listsr  Institute,  most  of  whom  have  helped 
me  in  one  way  or  another  during  the  progress  of  the  investigation. 

^  At  this  point  Dr.  Rowland's  investigitions  were  interrupted  by  the  Europsan  War. 
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STUDIES   ON   THE   EFFECT   EXERTED   BY 
SHAKING   ON   SERUM. 

By  HANS  SCHMIDT 

[From  the  Bacteriological  Department,  Lister  Institute,  London.) 

Introductiox. 

Owing  to  the  difficulty  of  satisfactorily  explaining  many  facts  in 
serological  work,  there  has  been  a  tendency  in  the  last  few  years  to 
consider  serological  phenomena  more  and  more  from  a  physico-chemical 
point  of  Y\e\\. 

A  serum,  physically  considered,  is  a  protein  hydrosol  containing 
electrolytes.  Different  proteins,  globulins  and  albumins,  are  kept  in 
the  serum  in  the  relatively  stable  state  of  an  hydrophile  colloidal  solution 
both  by  their  mutual  protecting  influence  as  ^Yell  as  by  the  influence  of 
the  salts.  Under  the  most  diverse  conditions  of  a  purely  physical 
nature,  such  as  heat,  storage,  freezing,  decrease  of  salt  concentration 
by  dilution,  or  loss  of  salts  by  dialysis,  increase  of  the  surface  by  shaking, 
etc.,  the  stability  of  the  colloidal  phases  is  altered  and  more  or  less 
energetic  alterations  of  the  physical  state  of  the  serum  take  place. 
These  may  be  reversible  or  irreversible  and  are  followed  by  changes  in 
the  serum  as  regards  their  serological  properties. 

Shaking  a  serum  produces  well-marked  alterations  in  it,  \4sible  to 
the  naked  eye  first  of  all  as  cloudiness  and  followed  later  by  precipita- 
tion. The  production  of  cloudiness  in  a  serum  by  shaking  has  been 
already  observed  by  Jakoby  and  Schuetze  (1910),  but  not  until  recently 
in  the  work  of  P.  Schmidt  and  M.  Liebers  (1913),  H.  Schmidt  (1913)  and 
L.  Hirschfeld  and  R.  Klinger  (1914)  has  this  phenomenon  been  especially 
taken  into  account  and  recognised  as  the  main  alteration  which  a  serum 
undergoes  during  shaking  and  of  which  all  other  changes  observed  are 
more  or  less  a  consequence.  Seeing  the  increase  of  surface  to  be  the 
main  effect  of  shaking,  and  that  the  mechanical  agitation  by  itself  plays 
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a  less  important  part,  probably  only  in  continuously  renewing  the 
surface,  it  may  be  assumed  that  the  alteration  in  the  serum  as  the 
effect  of  shaking  occurs  more  quickly  the  greater,  ceteris  paribus,  the 
surface  is,  to  which  the  serum  is  exposed.  It  is  therefore  evident  that 
the  intensity  of  the  shaking  influences  greatly  the  time  necessary  to 
produce  cloudiness  in  a  serum,  for  the  more  intensely  shaken  a  serum 
is,  the  finer  is  the  froth  and  the  greater  is  the  development  of  the  surface. 
S.  and  S.  Schmidt-Nielsen  (1909),  in  their  experimental  work  on  the 
inactivation  of  rennet  by  shaking,  have  observed  to  what  extent  the 
difference  in  the  ratio  of  shaken  liquid  to  bottle  volume  produces  a 
variation  of  the  results.  Ritz  (1912)  also  drew  attention  to  this  relation 
as  regards  shaking  of  serum  and  in  a  former  paper  (1913)  I  fully  con- 
firmed this. 

In  order  to  obtain  comparable  results,  the  ratio  of  bottle  volume  and 
liquid  as  well  as  the  intensity  of  the  shaking  movement  must  be  kept 
constant. 

Factors  concerned  in  the  effect  of  shaJcing  upon  serum. 

Supposing  that  these  relations  are  kept  throughout  under  optimal 
conditions,  there  are  still  many  other  factors  which  may  by  their  presence 
either  accelerate  or  inhibit  the  effect  of  shaking  on  serum.  Before 
quoting  them  it  should  be  mentioned  that  all  the  following  observations 
are  made  on  fresh  guinea-pig  serum.  The  complementing  power  of  such 
a  serum  is  a  characteristic  property  of  its  freshness  and  will  become  lost 
by  any  factor  which  may  alter  the  physical  conditions  of  the  serum 
proteins.  The  influence  which  shaking  especially  exerts  upon  the 
complementing  power  of  a  serum  will  be  dealt  with  in  a  further  com- 
munication. It  is  proposed  here  merely  to  deal  with  the  effect  of  shaking 
in  producing  coagulation  and  denaturation  of  the  proteins  of  a  serum. 

The  concentration  of  the  serum. 

In  the  fiirst  experiments  made  to  inactivate  the  complement  of  a 
serum  by  shaking,  it  was  found  by  Jakoby  and  Schuetze  (1910)  that  a 
longer  and  more  intense  shaking  is  required  to  render  a  serum  inactive 
when  undiluted,  and  therefore  these  authors  used  the  usual  dilution  of 
1  :  10  in  their  experiments.  This  dilution  has  been  later  found  by 
Ritz  (1912)  to  be  an  optimum,  and  my  results,  published  in  a  former 
paper  (1913),  partially  confirmed  this.  In  the  meantime  I  found,  however, 
that  frequently  a  serum  diluted  1  :  20  or  even  1  :  4:0  with  0-85  %  saline 
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showed  the  same  degree  of  cloudiness  and  inactivity  as  regards  com- 
plement action  as  when  diluted  1  :  10.  If  the  inactivation  by  shaking 
is  due  to  change  in  surface  energy,  I  can  see  no  reason  for  an  optimal 
dilution.  The  process  is  to  be  considered  as  progressing  with  time. 
The  shaking  causes  aggregation  and  coagulation  of  a  certain  part  of 
the  proteins,  as  will  be  more  fully  explained  later.  This  coagulation 
affects  only  a  part  of  the  total  proteins.  Now,  since  the  relation  between 
volume  of  liquid  and  gas  as  well  as  the  shaking  movement  are  kept 
constant,  thus  producing  by  the  equal  intensity  of  shaking  an  approxi- 
mately uniform  froth  and  therefore  an  approximately  similar  extent  of 
surface,  the  relation  of  the  denaturated  protein  to  the  total  protein- 
content  will  be  the  smallest  in  the  undiluted  serum,  which  therefore 
needs  a  greater  time  to  become  altered  to  the  same  extent  as  in  the 
diluted  serum.  The  relation  of  the  amount  of  the  unchanged  proteins 
to  the  denaturated  proteins  increases  with  the  concentration  of  the 
serum,  as  Schmidt- Nielsen  also  found  in  the  inactivation  of  rennet  by 
shaking.  If  the  complementing  power  of  the  serum  be  taken  as  a 
measurement  of  the  effect  produced  by  shaking,  the  decrease  of  com- 
plementing power  by  shaking  will  be  partially  covered  by  that  produced 
by  dilution.  In  the  case  of  a  serum  the  conditions  are  more  complicated 
than  in  the  case  of  ferments  as  rennet  or  pepsin,  etc.,  inasmuch  as  the 
shaking  produces  principally  a  denaturation  of  the  euglobulins,  as  well 
as  an  alteration  of  the  albumins,  which  latter  play  an  important  part  in 
the  stability  of  the  globulins.  Since  dilution  of  the  serum  decreases  the 
absolute  content  of  albumins,  this  factor  must  be  taken  into  account, 
when  considering  the  more  rapid  inactivation  of  diluted  sera  effected 
by  shaking. 

Concentration  of  salts  in  the  serum. 

If  instead  of  0-85  %  saline,  dist.  water  is  taken  as  dilution  medium, 
or  if  NaCl  crystals  are  added  to  the  native  serum,  the  concentration  of 
salts  will  be  altered  and,  apart  from  the  effect  of  shaking,  this  alone  will 
account  for  a  change  in  the  stability  of  the  colloidal  proteins. 

a.     Decrease  of  salt  concentration. 

Sachs  and  Teruuchi  (1907)  found  that  dilution  1  :  10  with  aqu.  dist. 
and  standing  1|  hours  at  37°  C.  will  affect  a  complement-containing 
serum  in  such  a  manner  as  to  render  it  inactive,  if  it  is  again  made 
isotonic.     They  found  that  this  phenomenon  took  place  more  rapidly 
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at  higher  temperatures  and  that  a  dilution  of  1  :  10  was  an  optimum. 
Such  a  serum  could  be  reactivated  by  addition  of  the  albumin  fraction 
obtained  by  dilution  and  acidification  \vith  COg,  while  the  euglobulin 
fraction  was  rarely  able  to  do  so,  and  only  then  to  a  lesser  degree  [Sachs 
and  Bolkowska,  1910].  Marks  (1912)  found  that  a  serum  after  dilution 
to  1  :  10  with  aqu.  dist.  and  standing  \\  hours  at  37°  C.  was  not  com- 
pletely inactive.  The  fractions  of  a  serum  so  treated  obtained  by  CO2 
gave  full  action,  when  combined  with  the  corresponding  fractions  of  a 
normal  serum.  Bessemans  (1913)  extended  these  observations  and 
found  that  the  fractions  were  inactive  when  combined  with  themselves. 
If  the  fractions  of  a  normal  serum  were  diluted  1  :  10  with  dist.  water 
and  then  kept  for  \\  hours  at  37°  C,  he  found,  generally  speaking,  no 
loss  of  power  in  their  action.  Sometimes  a  slight  reduction  could  be 
observed  in  the  action  of  the  globulin  fraction,  as  also  observed  by 
Guggenheimer  (1911),  but  no  alteration  of  the  albumin  fraction  ever 
occurred.  Diluted  with  aqu.  dist.  produces  decrease  of  the  salt  concen- 
tration. This  alters  the  conditions  controlling  the  solubility  of  the 
euglobulin,  part  of  which  is  therefore  thrown  out  of  solution  in  the  form 
of  a  suspension,  which  renders  the  serum  opalescent  and  cloudy. 
Addition  of  salt  brings  the  suspended  euglobulin  promptly  back  in 
solution.  After  standing  a  long  time  however  the  suspended  and 
precipitated  euglobulins  undergo  alterations,  becoming  insoluble.  The 
solubihty  of  the  euglobulins  is  favoured  by  the  presence  of  serum 
albumins.  A  solution  of  euglobulin  obtained  only  by  means  of  salt  is 
always  more  or  less  opalescent,  indicating  that  there  is  no  true  solution. 
According  to  H.  Chick  (1913)  electrically  neutral  compounds  of  the  salt's 
with  the  euglobulin  are  formed,  which  Schryver  (1910)  supposes  to  be 
due  to  adsorption.  In  the  serum  the  albumins,  owing  to  their  lower 
surface  tension  value,  exert  a  protecting  influence  on  the  euglobulin  in 
solution,  causing  a  greater  dispersity  and  thus  a  true  solution  of  the 
latter.     A  more  detailed  reference  to  these  relations  will  be  given  later. 

In  v-iew  of  the  importance  of  the  relationship  between  the  effect  of 
dilution  and  standing  and  the  effect  produced  by  shaking,  I  repeated 
the  experiments  of  Sachs  and  Teruuchi  and  give  below  the  results 
obtained. 

Technique  : 

Haemolysis  was  due  to  the  complementing  action  of  the  serum  in 
combination  with  sensitized  sheep  red  corpuscles,  of  which  a  2-5  % 
emulsion  in  0-85  %  saline  was  used.  Sensitization  was  effected  with 
three  times  the  single  lysing  dose  of  an  inactivated  rabbit  immune  serum. 
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The  following  schema  has  been  adopted  to  illustrate  different  degrees  of 
haemolysis  : 

I    I  No  haemolysis. 

r*l  Faint  trace  of  haemolysis. 

f~]  Very  slight  haemolysis. 

Q  Well-marked  haemolysis. 

[Jl  Half  haemolysed. 

9  Strong  haemolysis. 

B  Very  strong  haemolysis. 

0  Nearly  complete  haemolysis  [a  slight  trace  of  unlaked  cells  at 

the  bottom]. 

1  Complete  haemolysis. 

Experiment  showing  the  influence  of  dilution  with  dist.  water 
upon  a  complement-containing  guinea-pig  serum. 

Fresh  guinea-pig  serum  was  diluted  1  :  10  with  aqu.  dist.  and  kept 
for  1|  hours  at  room  temperature  and  at  37°  C.  Then  the  serum, 
rendered  isotonic,  was  tested  for  its  haemolytic  power  with  0-5  c.c. 
sensit.  red  cell  emulsion  (AB  dose  =  3  times  the  single  lysing  dose). 

Haemolysis  after  1  hour  at  37°  and  15  hours  at  room  temperature. 

Total  volume  in  each  tube  2-0  c.c. 


Cn  =  normal  serum  dil.  jV,  with  NaCl 
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The  thus  treated  sera,  before  being  rendered  isotonic,  were  treated 
by  CO2  according  to  Liefmann's  method.  The  globulin  fraction, 
=  M-piece,  was  not  taken  up  in  solution  by  0-85  %  NaCl  until  im- 
mediately before  use.  The  albumin  fraction,  =  E-piece,  was  filtered 
through  hardened  paper  and  then  rendered  isotonic. 

The  fractions  thus  obtained  from  Cn,  Cr,  Ct  are  respectively  En,  Er, 
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Et,  Mn,  jMr,  Mt.     1  c.c.  of  each  gave  with  1  c.c.  of  each  other  and  0-5  c.c. 
of  the  sensit.  red  cell  emulsion,  the  following  reactions  : 
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The  experiment  shows  that  inactivation  has  taken  place,  but  more 
completely  in  the  case  of  the  serum  which  has  stood  at  37°  C.  But 
contrary  to  the  statement-  of  Teruuchi,  I  found  that  a  fresh  globulin 
fraction  of  a  normal  serum  exerted  a  better  restitution  effect  than  the 
albumin  fraction. 

As  regards  the  COg-fraction  of  the  serum,  treated  by  dilution  with 
aqu.  dist.  and  standing,  it  follows  from  the  above  experiment  that  the 
alteration  concerns  only  the  globulin  fraction,  the  albumin  fraction  of  a 
serum  thus  treated  proving  to  be  active  when  combined  with  a  normal 
globulin  fraction. 

If  the  serum  however  was  not  fresh,  I  found  that  dilution  with  dist. 
water  and  standing  had  a  far  less  destructive  effect  upon  the  com- 
plementing power  of  a  serum.  Inactivation  will  not  be  complete,  even 
after  many  hours  standing.  Cf.  Exp.  6  in  my  paper  on  the  effect 
of  Berkefeld  filtration  upon  Complement  (this  Journal,  1914).  What 
process  has  taken  place  during  dilution  and  standing  so  as  to  render  the 
complementing  power  of  a  serum  inactive  is  difficult  to  say,  for  the 
suspended  globulins  seem  to  be  in  no  way  altered,  the  serum  becoming 
quite  clear  if  rendered  isotonic.  Probably  some  alteration  in  the 
H'-concentration  takes  place,  which  may  inhibit  complementing  action, 
but  no  definite  evidence  can  yet  be  given  in  favour  of  this  conception. 

Now,  if  such  a  serum,  the  euglobulins  of  which  are  in  a  state  of 
lability  owing  to  lack  of  sufficient  salt  concentration,  be  shaken,  it  is 
evident  that  these  euglobulins  \nll  aggregate  and  coagulate  more  readily. 


H.  Schmidt  405 

In  fact,  a  serum  diluted  1  :  10  with  aqu.  dist.  is  very  rapidly  altered  by 
shaking,  so  that  the  cloudiness,  which  in  the  unshaken  control  serum 
will  promptly  vanish  by  addition  of  salt,  will  not  disappear  if  the  serum 
be  rendered  isotonic,  but  will  do  so  on  the  addition  of  alkali,  thus 
indicating  that  the  protein  particles  have  undergone  denaturation. 

Increase  of  salt  concentration. 

An  increase  in  the  concentration  of  salt  has  a  somewhat  opposite 
effect  upon  the  influence  of  shaking.  Since  Friedberger  (1908)  drew 
attention  to  the  use  of  concentrated  salt  solution  for  the  preservation  of 
the  complementing  power  of  a  serum,  this  method  has  been  frequently 
and  successfully  used  [Hecht,  1910].  As  already  mentioned,  a  certain 
concentration  of  salt  is  necessary  for  the  stability  of  the  euglobulin  in 
the  serum  [H.  Chick  (1913)].  This  protection  however  is  only  a  relative 
one,  as  the  euglobulin  is  also  precipitated  in  the  course  of  time  in 
a  native  and  otherwise  untreated  serum.  Higher  salt  concentration 
prolongs  the  time  during  which  a  serum  can  be  kept  clear,  by  main- 
taining the  dispersity  of  the  protein-phases  and  thus  preserving  the 
complementing  power. 

If  a  serum  is  shaken  in  a  hypertonic  condition  the  time  necessary 
to  cause  a  denaturation  and  coagulation  of  proteins  will  be  found  to  be 
prolonged,  but  even  as  high  a  concentration  as  20  %  will  not  absolutely 
protect  the  serum,  as  well  as  the  isolated  protein  solutions,  from  becoming 
denaturated,  as  will  be  seen  later.  The  protecting  influence  of  salts 
upon  the  effect  of  shaking  is  therefore  relative,  which  fact  has  already 
been  recognised  by  Hirschfeld  and  Klinger  (1914)  to  be  the  case  in  human 
serum. 

The  influence  of  temperature  upon  the  effect  of  shaJcing. 

The  accelerating  influence  of  a  temperature  of  37°  C.  upon  the  effect 
of  shaking  has  been  observed  by  all  authors  who  have  worked  on  the 
shaking  inactivation  of  complement  and  ferments.  The  denaturation 
and  precipitation  of  a  part  of  the  serum  proteins  occur  also  at  low 
temperatures.  Seeing  that  it  is  principally  a  surface  phenomenon,  this 
would  be  expected  to  be  the  case.  The  acceleration  observed  at  37°  C. 
is  a  summation  of  the  efiects  produced  by  the  temperature  and  that 
produced  by  the  shaking.  An  explanation  of  this  very  complicated 
process  will  be  attempted  later.     Here,  only  the  fact  may  be  mentioned. 
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If,  however,  on  the  other  hand,  a  serum  has  been  previously  heated,  the 
time  required  to  produce  cloudiness  and  coagulation  by  shaking  will  be 
found  to  be  prolonged,  the  more  so  the  greater  the  temperature  to 
which  the  serum  was  heated.  This  observation  has  only  been  made  by 
Hirschfeld  and  Klinger  (1914)  in  the  case  of  human  serum.  They  found 
that  exposure  to  a  temperature  of  58°  C.  for  1  hour  prevented  the  serum 
from  becoming  cloudy  on  shaking,  as  well  as  by  dilution  with  aqu.  dist. 
They  postulate  that  thermoinactivation  as  well  as  a  hypertonic  con- 
dition, the  latter  in  a  lesser  degree,  renders  the  serum  euglobiilins  more 
stable  ;  an  explanation  of  this  fact  however  was  not  given.  I  think 
a  probable  explanation  can  be  given  by  the  results  of  observations  made 
by  H.  Chick  and  C.  J.  Martin  (1913)  and  H.  Chick  (1913)  in  the  following 
way. 

The  denaturation  process  of  proteins  as  the  result  of  high  tempera- 
tures has  an  abnormally  high  coefficient  of  temperature,  which  apparently 
effects  the  denaturation  of  proteins  and  their  coagulation  in  the  serum 
to  be  due  to  a  certain  temperature.  In  reality  the  process  of  denatura- 
tion takes  place  already  at  lower  temperatures,  but  proceeds  very  slowly. 
It  can  however  be  observed  to  take  place  at  37°  C.  under  favourable 
conditions.  The  euglobulins  form  salt  compounds  in  the  serum,  which 
remain  electrically  neutral,  when  enough  salt  is  present  to  prevent  their 
dissociation.  If  the  euglobulin  has  been  denaturated  by  heat,  and  there 
is  evidence  that  an  exposure  to  56°  C.  for  half  an  hour  is  sufficient  to 
produce  heat-denaturation,  the  euglobulins  lose  their  characteristic 
property  of  forming  electrically  neutral  solutions  with  salts.  The 
euglobulin  particles  become  electrically  charged  and  any  change  in 
dispersity  is  prevented  by  their  mutual  repulsion.  The  alkalinity  of 
the  serum  is  increased.  A  decrease  of  H'-concentration  takes  place 
[S.  T.  Sorensen  and  Jiirgensen  (1911)],  and  the  dispersed  protein  particles 
are  negatively  charged.  As  long  as  in  such  a  serum  the  H'-concentration 
is  kept  constant,  the  stability  of  the  euglobulins  remains  increased. 

This  may  probably  be  the  principal  reason  why  sera  previously 
heated  remain  clear  much  longer  on  standing  and  require  a  considerably 
longer  time  to  become  \asibly  affected  by  shaking. 

I  have  often  observed  in  the  case  of  guinea-pig  serum  that  half  an 
hours  heating  at  56°  C.  does  not  prolong  very  much  the  time  necessary 
for  coagulation  by  shaking,  but  a  longer  exposure  to  56°  C.  prolongs 
considerably  this  time,  and  I  was  unable  to  bring  about  a  \'isible  coagula- 
tion by  shaking  in  the  opalescent  serum  diluted  1  :  10  with  saline  and 
exposed  to  the  temperature  of  boiling  water.     It  may  be  possible  that 
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the  resistance  against  the  shaking  efEect,  which  can  be  observed  in  heated 
sera,  may  be  partly  due  to  the  influence  of  capillary-active  substances, 
which  are  formed  in  the  serum  during  heating  and  which  lower  the 
surface  tension  against  air.     Further  reference  to  this  will  be  made  later. 

Influence  of  the  nature  of  the  gas. 

That  the  coagulation  of  proteins  by  shaking  is  not  dependent  on  the 
nature  of  the  gas,  which  is  in  contact  with  the  serum  surface,  in  so  far 
as  it  is  chemically  inactive,  has  already  been  shown  in  the  early  experi- 
ments of  Melsens  (1851),  Harting  (1851)  and  Smee  (1863,  1864).  Metcalf 
(1905)  stated  that  the  formation  of  membranes  of  the  surface  of  colloidal 
solutions  was  independent  of  the  oxygen  and  Ramsden  (1894)  found 
that  all  solutions,  the  particles  of  which  coagulate  under  the  influence 
of  shaking,  show  this  phenomenon  also,  if  oxygen  is  excluded.  Similar 
results  were  obtained  by  A.  0.  Shaklee  and  Meltzer  (1909),  who  found 
that  the  inactivation  of  pepsin  by  shaking  took  place  equally  well 
whether  the  experiment  was  done  in  0,  H,  or  in  COg.  Contrary  to  this, 
Courmont  and  Dufourt  (1912)  concluded  from  their  experiments  that 
the  inactivation  of  the  complement  in  a  guinea-pig  serum  by  shaking 
was  due  to  oxidation.  This  could  not  be  confirmed  by  P.  Schmidt  and 
M.  Liebers  (1913)  nor  by  myself  (1913)  working  independently.  No 
evidence  was  found  for  oxidation  being  responsible  for  the  shaking 
efEect.  However,  instead  of  shaking  the  serum  in  oxygen,  as  I  formerly 
did,  in  order  to  determine  what  role,  if  any,  oxidation  plays  in  shaking 
inactivation,  I  exposed  the  complement-containing  serum  to  the  influence 
of  oxygen  in  nascent  state  obtained  by  the  action  of  the  serum  katalase 
on  hydrogen  peroxide.  I  found  that  if  HgOg  was  added  to  the  serum  in 
such  quantities  as  to  produce  an  0-5  %  HgOa-solution,  no  evidence  of 
loss  of  complement  could  be  observed  in  spite  of  the  large  amount  of 
oxygen  thus  developed  in  the  serum,  enough  being  present  to  render 
the  serum  colourless  in  a  few  minutes.  I  am  therefore  convinced  that 
the  effect  of  shaking  on  serum  is  not  due  to  oxidation. 

Influence  of  the  age  of  the  serum  upon  the  shaking  effect. 

Storage  of  a  serum  diminishes  its  complementing  power.  This  loss 
runs  parallel  with  the  formation  of  a  cloudiness  and  of  a  precipitate. 
Apart  from  the  influence  of  bacterial  growth,  which  according  to  Hara 
(1913)  accelerates  the  loss  of  complementing  power,  this  decrease  of 
complement  and  the  formation  of  precipitates  occur  also  under  sterile 
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conditions.  The  precipitates  in  old  sera  consist  of  euglobulin,  which  has 
become  more  and  more  insoluble.  It  has  been  seen  that  hypertonic 
condition  as  well  as  previous  heating  increase  the  stability  of  the  euglo- 
bulin to  this  extent,  that  sera  so  treated  remain  clear  for  a  considerably 
greater  length  of  time.  If  a  serum  which  has  been  kept  for  a  long  time 
be  treated  by  COg  according  to  Liefmann's  method,  I  found  that  the 
action  of  the  fractions,  thus  obtained,  varied  according  to  the  length  of 
time  the  serum  has  been  kept.  Great  individual  variations  however 
occur.  Generally  speaking  I  found,  at  the  commencement,  when  the 
complement  activity  was  not  yet  completely  lost,  that  both  fractions 
gave  a  complete  action  when  combined  with  the  corresponding  fractions 
of  a  fresh  serum.  Later  on  the  globulin  fraction  of  the  old  serum  loses 
its  power  to  reactivate  a  fi'esh  albumin  fraction,  but  not  vice  versa. 
Finally  the  albumin  fraction  of  the  stored  serum  loses  its  action.  This 
however  was  not  found  to  be  of  constant  occurrence,  for  sometimes  a 
serum  was  found,  the  globulin  fraction  of  which  retained  its  activity 
with  a  fresh  albumin  fraction  as  long  as  the  albumin  fraction  did  with  a 
fresh  globulin  fraction.  This  however  must  be  considered  as  exceptional. 
Changes  taking  place  in  the  euglobulins  in  the  course  of  storage  have 
been  already  noted  by  Liefmann  (1911)  and  Mutermilch  (1911).  They 
found  that  in  sera  kept  for  a  long  time  the  albumin  fraction  was  the 
more  stable  of  the  two,  and  this  has  been  confirmed  by  Bessemans 
(1913)  more  recently. 

A  probable  explanation  of  the  process  is,  that  first  of  all  an  adsorp- 
tion of  the  albumins  in  the  free  surface  takes  place.  This  size  of  the 
surface  is  of  importance,  for  I  could  observe  that  with  an  increase  of 
the  surface  against  air  there  is  an  increase  in  the  rapidity  with  which 
the  complement  of  a  serum  is  destroyed.  This  adsorption  of  albumins 
on  the  surface  diminishes  the  stability  of  the  euglol)ulins,  leading  to  a 
gradual  precipitation  of  the  latter.  At  the  same  time  adsorption  of 
salts  is  possibly  taking  place,  for  according  to  Hecht  (1914)  the  electrical 
conductibility  decreases  with  the  length  of  time. 

The  process  of  inactivation  due  to  storage  then  closely  resembles 
that  produced  by  shaking.  The  same  alterations  occur,  but  more  rapidly, 
and  are  therefore  followed  by  a  much  more  rapid  loss  in  the  inactivity 
of  the  albumin  fraction. 

It  is  interesting  to  notice  that  the  greater  stability  of  the  euglobulins 
produced  by  heating  is  paralleled  by  the  observation  of  Mutermilch 
(1911),  who  foimd  that  under  similar  conditions  the  time  required  to 
produce  precipitation   of  the   euglobulin   by   dialysis   is   considerably 
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prolonged.     The  same  but  to  a  lesser  degree  has  been  found  by  him 
(1911)  to  be  the  case  in  an  old  serum. 

This  is  precisely  what  occurs  with  regard  to  the  production  of  a  pre- 
cipitate in  a  serum  by  means  of  shaking,  a  well-marked  inhibition 
occurring  in  the  case  of  a  heated  serum  and  a  relatively  lesser  inhibition 
in  an  old  serum. 

The  effect  of  shaking  upon  the  isolated  proteins  of  a  serum. 

In  regard  to  all  these  factors,  which  either  accelerate  or  tend  to 
inhibit  the  effect  of  shaking,  it  is  highly  probable,  that  the  shaking  of 
a  serum  results  in  rendering  the  euglobulins  unstable  and  thus  increasing 
their  tendency  to  aggregate  and  precipitate.  That  the  effect  of  shaking 
is  really  of  such  a  nature  is  rendered  certain  by  a  study  of  the  effect  of 
shaking  upon  the  isolated  proteins.  I  undertook  first  of  all  experiments 
showing  the  effect  of  shaking  upon  the  isolated  fractions,  obtained  by 
Liefmann's  method  [dilution  with  dist.  water  and  acidification  with 
CO2].  The  precipitate  which,  re-dissolved  in  0-85  %  NaCl,  represents 
the  globulin  fraction,  contains  the  euglobulin  and  a  relatively  small  part 
of  the  pseudoglobulin,  which  can  be  demonstrated  by  the  behaviour  of  the 
solution,  when  1 :  3  or  1  :  2  is  saturated  with  the  sulphate  of  ammonium. 

The  same  method  of  salting  out  reveals  the  fact  that  the  albumin 
fraction  of  the  serum,  i.e.  the  supernatant  fluid  rendered  isotonic, 
contains  all  the  albumin  and  the  main  bulk  of  the  pseudoglobulin. 

Now,  if  the  albumin  and  globulin  fractions  are  shaken  under  similar 
conditions  the  following  results  are  obtained. 

The  shaking  of  the  globulin  fraction  produces  relatively  little  and 
unstable  froth,  and  in  a  very  short  time  cloudiness  is  developed  and 
precipitation  takes  place.  If  the  precipitate  is  removed  by  centrifuga- 
tion,  and  the  shaking  continues,  no  more  cloudiness  will  appear,  the 
liquid  remaining  clear.  Half  saturation  with  the  sulphate  of  ammonium 
reveals  the  presence  of  some  pseudoglobulin,  euglobulin  no  longer  being 
present.  If  the  salt  concentration  of  the  globulin  fraction  is  increased 
to  20  %,  the  time  required  to  coagulate  the  euglobulins  is  found  to  be 
prolonged  but  coagulation  finally  does  take  place. 

The  shaking  of  the  albumin  fraction  however  is  accompanied  by  the 
production  of  a  copious  and  persistent  froth  and  the  liquid  is  found  to 
be  still  quite  clear  at  a  time  when  the  euglobulins  of  the  globulin  fraction 
are  to  a  large  extent  precipitated.  Prolonged  shaking  however  produces 
coagulation  of  some  of  the  proteins  in  the  albumin  fraction,  also  the 
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smaller  the  quantity  of  salts  present,  the  more  rapidly  does  this  occur. 
In  any  way,  the  amount  of  protein  in  the  shaken  albumin  fraction  found 
to  be  coagulated  is  very  small  compared  with  the  big  precipitate  in  the 
globulin  fraction. 

In  order  to  decide,  whether  this  coagulated  protein  of  the  albumin 
fraction  is  pseudoglobulin  or  albumin,  these  serum  proteins  were 
prepared  and  tested  separately.  I  obtained  these  preparations  by  third, 
half  and  total  saturation  with  the  sulphate  of  ammonium,  and  the 
euglobulin  as  well  by  dilution  of  a  serum  and  acidification  with  acetic 
acid  up  to  its  isoelectric  point.  The  proteins  thus  obtained  and  freed 
from  the  ammonium  sulphate  by  dialysis,  were  then  shaken  under 
varied  conditions  as  to  protein — ^or  salt  concentration.  Summarising 
my  results  I  can  say  : 

The  production  of  froth  was  well  marked  in  the  albumin  solution, 
to  a  slightly  lesser  extent  in  the  pseudoglobulin  solution,  but  the 
euglobulin  solution  gave  a  froth  only  as  long  as  shaking  was  going  on 
and  this  froth  being  unstable  quickly  disappeared.  This  is  interesting 
in  regard  to  the  different  influence  which  these  proteins  exert  upon  the 
surface  tension  of  water.  Cloudiness  followed  by  precipitation  was 
first  observed  to  occur  in  the  euglobulin  solution,  then  in  the  pseudo- 
globulin solution,  and  finally  in  the  albumin  solution,  the  latter  requiring 
eight  hours'  shaking.  Higher  salt  concentration  tended  to  inhibit 
the  precipitation,  but  this  inhibition  was  less  marked  in  the  case  of 
euglobulins. 

In  view  of  the  great  difficulty  of  getting  absolute  separation  of  the 
different  proteins,  I  am  far  from  considering  the  proteins,  prepared  as 
described,  as  being  pure.  I  therefore  repeated  the  experiments  with 
preparations  of  albumin  and  globulins  of  horse  serum,  very  pure  pre- 
parations, which  Dr  Hartley  kindly  put  at  my  disposal.  I  shall  refer 
to  these  preparations  later  on  in  regard  to  the  surface  tension.  The 
shaking  effect  of  these  proteins  was  similar  to  those  described  above, 
the  albumins  requiring  the  longest  time  to  be  precipitated.  P.  Schmidt 
(1914)  did  not  evidently  shake  the  albumin  long  enough,  for  he  did  not 
succeed  in  getting  cloudiness  and  precipitation. 

In  spite  of  the  certain  restrictions  which  are  to  be  observed  in  apply- 
ing these  observations  to  those  observed  when  shaking  the  whole  serum, 
I  am  inclined  to  consider  it  highly  probable  that  the  euglobulins  in 
the  serum  are  the  first  proteins  which  are  denaturated  and  precipitated 
by  shaking.  Some  alterations  in  the  albumins  must  also  have  taken 
place,  because  their  influence  on  the  dispersity  of  the  euglobulins  must 
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have  been  lessened.  If  albumins  either  in  the  form  of  a  COg-albumin 
fraction,  or  in  pure  state,  be  added  to  the  serum  before  shaking  takes 
place,  this  excess  of  albumin  prolongs  the  time  necessary  for  the 
precipitation  of  the  euglobulin,  and  vice  versa  an  excess  of  globulin  is 
found  to  shorten  this  time.  Only  when  a  serum  is  shaken  for  a  very 
great  length  of  time  can  it  be  assumed  that  part  of  the  pseudoglobulin 
as  well  as  of  the  albumin  is  precipitated  in  a  denaturated  state. 

In  every  case,  where  a  precipitate  was  produced  by  shaking,  the 
latter  has  been  found  to  be  insoluble  except  in  alkalis,  which  shows 
that  denaturation  has  taken  place. 

Now  the  question  arises  what  is  the  real  cause  of  this  denaturation 
of  the  proteins,  which  occurs  when  they  are  shaken  with  a  gas,  and 
what  other  processes  accompany  this  shaking-effect. 

The  effect  of  shaking  explained  as  a  consequence  of  change  in 
surface  energy. 

The  observation  that  shaking  of  a  protein  solution  with  a  neutral 
gas  produces  the  separation  of  a  solid  body,  can  be  traced  back  to  1851, 
when  Melsens  and  Harting  first  observed  this  phenomenon,  which  was 
later  confirmed  by  Smee  (1863)  and  more  closely  investigated  by  Plateau 
(1873),  who  considered  the  formation  of  solid  surface  membranes  to  be 
of  a  similar  nature.  The  same  observations  were  made  by  Xaegeli  (1880) 
and  Kauder  (1886).  To  Metcalf  (1905)  we  owe  a  thorough  investiga- 
tion of  the  nature  of  the  formation  of  surface  membranes,  especially 
those  occurring  in  solutions  of  peptone.  Peptone  as  well  as  other 
substances,  the  solutions  of  which  tend  to  form  surface  membranes, 
lower  the  surface  tension  of  water  [Freundlich,  1909].  According  to 
Gibbs'  thermodynamic  principle  those  substances  will  be  positively 
adsorbed  at  the  free  surface  of  the  liquid,  thus  producing  a  relatively 
higher  concentration  in  the  surface.  This  increase  of  concentration  in 
the  surface  may  become  so  great,  that  gel-formation  takes  place.  The 
conception  of  H.  Freundlich  (1909,  p.  79)  is  probably  more  correct, 
namely  that  the  adsorbed  substance  in  the  surface  is  undergoing  rever- 
sible or  irreversible  alterations  in  a  less  soluble  body,  especially  if  the 
substance  is  by  itself  not  readily  soluble  in  water  as  the  dispersion 
medium.  This  change  in  solubilitv  has  also  been  observed  bv  Deveaux 
(1904),  who  noticed  the  formation  of  white  insoluble  membranes,  when 
egg  albumin  was  dropped  on  to  a  clean  surface  of  water.  These 
phenomena  are  especially  well  marked  in  the  case  of  egg  albumin  and 
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have  been  closely  investigated  by  Ramsden  (1894).  It  is  evident,  that 
a  soluble  substance  tending  to  form  surface  membranes,  will  show  this 
tendency  more  so,  if  by  means  of  shaking  the  surface  is  considerably 
enlarged.  Now  Ramsden  demonstrated  this  accelerating  effect  of 
shaking  on  the  formation  of  surface  membranes,  and  he  succeeded  in 
bringing  about  almost  complete  coagulation  of  the  protein  content  of  an 
egg  white  solution  by  means  of  shaking. 

What  happens  now  in  the  case  of  a  shaken  serum  ?  In  vivo  the 
serum  has  no  free  surface  against  air,  but  is  everywhere  surrounded  by 
a  wall  covered  with  endothelium.  It  is  probable  that  the  adhesion  on 
this  wall  is  in  equilibrium  with  the  cohesion  of  the  serum,  thus  giving 
rise  to  no  surface  tension  of  the  serum  and  therefore  thus  insuring  the 
stabilitv  of  the  serum  proteins.  If  the  serum  has  however  a  free  surface 
against  air,  the  cohesion  vr\]\  be  larger  than  the  adhesion  to  the  air, 
and  a  certain  positive  value  of  surface  tension  of  the  serum  against  air 
will  result.  Now  the  serum  is  an  electrolyte  containing  protein  hydrosol, 
and  its  surface  tension  against  air  is  less  than  that  of  pure  water,  as 
J.  Traube  (1908)  first  showed.  This  lower  value  of  surface  tension  is 
chiefly  due  to  the  presence  of  proteins.  If  according  to  Maraghini  (1912) 
the  protein  substances  are  removed  by  filtration  through  a  collodium 
membrane,  the  filtrate  will  show  a  surface  tension  similar  to  water  and 
even  a  little  higher,  this  fact  being  due  to  the  presence  of  neutral  salts, 
which  increase  the  surface  tension.  The  proteins  show  therefore  a 
tendency  to  be  positively  adsorbed  on  the  free  surface  against  air  and 
the  more  they  lower  the  surface  tension  of  their  dispersion  medium,  the 
greater  is  the  tendency  for  this  to  occur.  Comparative  experiments 
have  shown  that  the  loss  of  surface  tension  produced  by  the  serum 
albumins  is  found  to  be  somewhat  higher  than  that  caused  by  the 
globulins. 

1  give  below  in  a  table  some  data,  with  regard  to  the  surface  tension 
of  the  different  proteins.  The  figures  represent  the  number  of  drops 
given  by  a  stalagmometer  of  Traube  and  calculated  as  mentioned  in 
my  former  paper  (this  Journal,  1913,  316). 

From  these  data  it  follows  that  a  serum  albumin  tends  to  lower  the 
surface  tension  of  water  against  air  more  than  the  globulins  do.  This 
is  in  accordance  with  experiments  made  by  F.  Bottazzi  (1913),  but  is 
contrary  to  the  findings  of  Iscovesco  (1910),  who  found  a  pure  egg 
albumin  to  increase  the  surface  tension  of  water,  whereas  only  the 
globulins  cause  a  loss  of  surface  tension.  Either  egg  or  serum  albumin 
behaves  differently  as  regards  its  influence  upon  surface  tension,  which 
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Heated 
4  h.  at  56' 


Water 

Serum  undiluted 

Serum  diluted  1 : 8  with  aqu.  dist. 

Albumin  fraction  not  rendered  isotonic  (|) 

,,  ,,        rendered  isotonic  {j\) 

Globulin  fraction  in  O'So  7o  NaCl  (^V) 
Serum  dil.  ^V  with  0-85  "/o  NaCl 


100  00 
111-65 
102-51 
102-77 
104-95 
102-16 
102-67 


107 
105 
104 
104 


II.      Serum  diluted  1 :4  with  aqu.  dist. 
Albumin  fraction  not  isotonic  f^V) 

,,  ,,  ,,        heated  ^  hour  at  56° 

,,  ,,  ,,2  hours  shaken  at  37°  and  filtered 

Control  2  hours  at  37° 

III.     Serum  diluted  1 :  10  with  NaCl  solution 

,,  ,,  ,,  ,,         heated  ^  hour  at  56° 

,,  „  „  ,,2  hours  shaken  at  37° 

,,  ,,  ,,  ,,         2  hours  control  at  37° 

Globulin  fraction,  well  washed  with  aqu.  dist.  then  diluted  1 : 5  with 

0-85  o/o  NaCl 
Globulin  fraction,  heated  ^  hour  at  56° 

,,  ,,  1  hour  shaken 

Albumin  fraction  dil.  1 : 8,  not  isotonic 
,,  ,,         heated  I  hour  at  56° 

,,  ,,         2  hours  shaken  at  37°  and  filtered 

Control  at  37° 


Boiled 


111-02 
112-56 
106-70 
109-83 

102-50 
104-30 
105-81 
103-39 
105-06 

103-67 
106-87 
103-67 
104-19 


101 
101 
101 
103 
106 
101 
103 


-4 

-75 

-55 

■97 

-06 

-22 

-95 


Surface  tension  of  horse  serum  preparations. 


1.  50  c.c.  aqu.  dist.  +0-5  gr.  air  dried  whole  horse  serum 

2.  50  c.c.         ,,         +0-5  gr.       ,,  albumin 

3.  50  c.c.         ,,         +0-5  gr.       ,,  globulins  (eu-  +  pseudoglob.) 


Aqu.  dist— 100 

103-15 
113-74 
107-08 


would  be  very  interesting,  or  the  albumin  is  not  free  from  the  accidental 
presence  of  other  substances,  which  lower  the  surface  tension.  These 
may  be  the  serum  pigments,  which  are  naturally  present  in  the  COg- 
albumin  fraction,  and  also  in  the  albumin  preparations  obtained  by 
salting  out,  for  a  total  saturation  with  the  sulphate  of  ammonium 
involves  the  pigments,  these  latter  coming  down  with  the  precipitate. 
This  question,  viz.  how  far  the  observed  loss  in  surface  tension  in 
albumin  solutions  is  due  to  the  actual  accidental  presence  of  such 
substances,  I  must  leave  open  for  the  present,  but  for  the  sake  of 
argument  will  assume  it  to  be  the  case,  namely  that  serum  albumin 
produces  a  considerable  loss  of  surface  tension  of  the  water  against  air. 
Now  a  serum  exposing  a  free  surface  to  air  is  by  that  reason  alone 
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rendered  unstable,  involving  as  it  does  the  adsorption  of  albumins. 
This  adsorption  decreases  the  protecting  influence  which  the  albumins 
exert  on  the  dispersity  of  the  euglobulins  in  virtue  of  their  greater 
influence  on  surface  tension.  This  process  is  favoured  by  any  increase 
of  temperature  which  produces  an  increase  in  the  intensity  of  the 
Brownian  movement.  The  euglobulin  thus  becoming  more  labile  tends 
to  aggregation  and  precipitation,  undergoing  a  slowly  but  steadily  pro- 
gressing denaturation.  This  process,  which  takes  place  when  serum 
is  exposed  with  a  free  surface  to  air,  and  which  is  accelerated  by  an 
increase  of  temperature,  is  accelerated  to  a  considerable  extent  when, 
by  means  of  shaking  \\-ith  air,  not  only  is  its  free  surface  enlarged  but 
also  continuously  changed  and  renewed.  This  continuous  alteration  of 
the  surface  causes  the  already  aggregated  protein  particles  to  disperse 
again,  which  process,  when  continuously  repeated,  favours  the  condi- 
tion of  irreversible  insolubility  of  the  proteins,  as  has  been  already 
pointed  out  by  Ramsden.  The  dispersion  of  already  aggregated  pro- 
teins is  the  more  marked,  the  higher  the  protein  concentration  in  the 
serum  is,  i.e.  the  more  the  mutual  protecting  influence  of  the  different 
proteins  can  be  exerted.  Dilution  of  the  serum  favours  therefore  the 
occurrence  of  the  condition  of  coagulation  and  irreversible  insolubility. 
This  irreversible  change  in  solubility  affects  naturally  first  the  euglo- 
bulins, which  by  themselves  show  the  least  tendency  to  solution. 
If  the  serum  has  been  previously  heated,  which  causes  a  considerable 
loss  of  surface  tension,  as  observed  by  Traube  (1908)  ^nd  confirmed  by 
many  other  authors,  it  may  be  possible  to  assume  that  the  formation 
of  capillary-active  substances  by  heat,  according  to  L.  Berczeller  (1913), 
albumoses  and  pepton,  prevents  the  proteins  from  getting  adsorbed  on 
the  surface,  thus  allowing  them  a  greater  stability  against  the  influence 
of  storage  and  shaking.  This  may  also  be  taken  into  account  when 
considering  the  influence  of  the  electric  charge  of  the  denaturated 
protein  particles  upon  their  state  of  dispersion. 

In  a  former  paper  of  mine  (1913)  I  was  able  to  show  that  the  surface 
tension  of  a  serum  is  increased  by  shaking.  The  collected  froth  shows 
however  lower  surface  tension  than  the  shaken  liquid,  which  is  in 
accordance  with  Gibbs'  principle. 

How  far  the  shaking  effect  upon  a  serum  is  due  to  alterations  of  the 
surface  energy  is  best  demonstrated  by  the  fact  that  the  addition  to 
a  serum  of  traces  of  such  a  capillary-active  substance,  as  saponin  is, 
completely  prevents  the  proteins  from  being  affected  by  the  shaking, 
whatever  the  length  of  time  during  which  it  is  shaken. 
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The  possibility  that,  apart  from  alterations  of  the  surface  energy, 
other  factors  may  play  a  more  or  less  important  part  in  the  production 
of  the  shaking  effect,  cannot  be  excluded.  It  may  be  assumed,  for 
instance,  that  the  rapid  movement  of  the  air  bubbles  through  the 
liquid  gives  rise  to  an  electric  charge  on  their  surface,  the  density  of 
which  will  increase  with  the  curvature  of  the  bubbles,  i.e.  with  their 
smallness,  and  it  may  be  possible  that  these  electrically  charged  surfaces 
play  a  part  in  favouring  the  aggregation  and  coagulation  of  the  proteins 
in  solution.  No  definite  evidence  however  is  forthcoming  to  support 
this  view. 

Finally  I  mention  the  probability  that  a  change  in  the  H'-concentra- 
tion  in  the  shaken  serum  has  taken  place.  Using  neutral  red  and 
rosolic  acid  as  indicators,  I  could  not  find  however  any  difference  in 
reaction  of  a  shaken  as  compared  with  an  unshaken  serum.  The 
addition  of  either  traces  of  alkali  or  of  acid  to  a  serum  proved  to  be 
without  any  inhibiting  effect  upon  the  effect  of  shaking,  but  I  found 
that  alkali  produced  a  slight  acceleration  of  the  coagulation  and  pre- 
cipitation in  the  shaken  serum.  In  view  of  the  importance  of  the 
H' -concentration  of  a  serum  as  regards  its  serological  properties,  the 
question  of  any  alteration  of  H*-concentration  as  a  result  of  shaking 
deserves  a  special  study. 

General  Conclusions. 

Shaking  a  serum  with  air  produces  coagulation  and  denaturation  of 
the  euglobulin,  due  to  alterations  in  the  surface  energy  of  the  serum, 
leading  to  adsorption  of  albumin,  thus  rendering  the  euglobulins  labile, 
which  then  coagulate  and  become  insoluble. 

This  process  is  not  due  to  oxidation,  and  it  has  been  shown  that 
conditions  which  render  the  euglobulin  more  stable,  such  as  previous 
heating  and  the  presence  of  a  hypertonic  medium,  tend  to  inhibit  the 
effect  of  shaking,  whereas  dilution  with  water  or  storage,  rendering  the 
euglobulins  labile,  favours  also  the  effect  of  shaking. 
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STUDIES  ON  THE  INACTIVATION  OF  COMPLEMENT 

BY  SHAKING. 

By  HANS   SCHMIDT. 

[Fruui  the  Bacteriological  Deparltnent,  Lister  Instiitde,  London.) 

Introduction. 

In  a  former  paper  on  the  iiiactivation  of  the  haemolytic  complement 
by  means  of  shaking  (1913),  I  considered  it  possible  that  the  process  of 
shaking-inactivation  might  be  explained  by  assuming  that  an  adsorption 
of  the  complement  occurred  on  the  surfaces  of  the  precipitate,  which  is 
always  found  when  a  serum  is  shaken.  I  was  unable  however  either 
to  fix  the  complement  of  a  fresh  serum  by  adding  the  centrifuged  coagula 
of  a  shaken  serum  or,  on  the  other  hand,  to  set  free  a  complement 
presumably  adsorbed  on  the  surface  of  precipitated  proteins,  which  are 
found  to  be  soluble  only  in  alkali.  I  therefore  had  to  leave  undecided 
the  question  as  regards  the  nature  of  the  process  of  shaking-inactivation. 

About  the  same  time  and  independently  P.  Schmidt  and  M.  Liebers 
(1913),  working  on  the  shaking-inactivation  of  the  haemolytic  comple- 
ment, came  to  the  following  conclusion  :  shaking  of  guinea-pig  serum 
produces  precipitation  of  the  euglobulins  followed  by  adsorption  of  the 
complement  on  these  newly-formed  surfaces.  The  visibly  coagulated 
globulin  is  only  a  minimal  part  of  the  total  globulin,  and  the  shaken  and 
centrifuged  serum  contains  therefore  not  only  globulins  but  also  comple- 
ment not  yet  adsorbed.  They  succeeded  in  bringing  the  globulin, 
precipitated  by  shaking,  back  into  solution  by  a  normal  E-piece,  thus 
setting  free  the  complement  adsorbed  on  these  surfaces,  enabling  it  to 
act  again. 

L.  Hirschfeld  and  R.  Klinger  (1911),  in  their  researches  on  the 
shaking-inactivation,  worked  with  human  serum  and  came  to  the  con- 
clusion that  shaking  produces  alteration  in  the  stability  of  the  globulins, 
thus  causing  a  part  of  them  to  coagulate.     This  alteration  interferes 
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with  conipleinent  action,  and  sera  so  treated  bocouie  anti-couiplenientary, 
giving  for  instance  a  positive  Wassermann  reaction.  Recent  work  of 
A.  Bessenians  (1913),  however,  shows  that  human  and  guinea-pig  sera 
are  different  as  regards  the  stability  of  their  globulins,  and  results, 
obtained  with  experiments  on  human  serum,  are  therefore  not  to  be 
compared  with  those  obtained  with  guinea-pig  serum  except  to  a  re- 
stricted degree. 

I  therefore  resumed  my  investigations  on  the  nature  of  the  inactiva- 
tion  process  by  shaking  chiefly  with  a  view  to  ascertain  in  how  far  the 
conception  of  P.  Schmidt  could  be  adapted  to  the  experimental  facts. 

I  give  below  a  record  of  experiments  made  from  a  serological  point  of 
view  as  regards  the  influence  of  shaking  upon  the  haemolytic  complement 
of  guinea-pig  serum,  and  consider  them  to  be  a  continuation  of  my 
former  work  on  the  same  subject. 

Technique  of  experiments. 

The  technique  employed  in  shaking  the  sera  is  principally  the  same 
as  that  indicated  in  my  former  paper  (1913).  Haemolysis  was  due  to 
the  complementing  action  of  the  serum  in  combination  wdth  sensitized 
sheep  red  corpuscles,  of  which  a  2-5  %  emulsion  in  0-85  %  saline  was 
used.  Sensitization  was  effected  with  inactivated  rabbit  immune-serum, 
the  dose  of  which  will  be  given  in  the  protocols.  The  following  scheme 
has  been  adopted  to  illustrate  different  degrees  of  haemolysis  : 

I    I  No  haemolysis. 

r*n  Faint  trace  of  haemolysis. 

Q  Very  slight  haemolysis. 

Q  Well-marked  haemolysis. 

[J  Half  haemolysed. 

yi  Strong  haemolysis. 

H  Very  strong  haemolysis. 

D  Nearly  complete  haemolysis  [a  slight  trace  of  unlaked  cells  at 

the  bottom]. 

I  Complete  haemolysis. 

Experimental  part. 
* 
In  another  communication  (1914),  considering  the  effect- of  shaking 
upon  a  serum  from  a  more  general  standpoint,  I  have  shown  that  the 
effect  of  shaking  upon  a  serum  is  due  to  alterations  in  the  surface  energy 
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involving  changes  of  the  serum  albumins  and  denaturation  of  the  serum 
proteins,  which  first  of  all  affects  the  euglobuliu.  The  process  is  to  be 
considered  as  progressing  with  the  time,  till  irreversible  denaturation 
of  the  proteins  is  effected.  The  various  stages  of  this  process  are 
serologically  characterised  by  the  steadily  progressing  loss  of  comple- 
ment activity  as  indicated  by  the  different  procedures  necessary  to 
restore  the  complementing  power.  The  different  factors  necessary  to 
the  restitution  of  complement  activity  have  been  already  mentioned  in 
my  former  paper  (1913),  but  before  I  can  attempt  to  explain  these  very 
complicated  relations.  I  must  first  of  all  complete  the  description  of  my 
experiments. 

Reactivation  of  a  shaken  serum  h;j  a  fresh  senim. 

A  serum  inactivated  by  shaking  can  be  reactivated  by  the  addition 
of  fresh  serum.  This  reactivation  can  be  effected  under  any  conditions, 
and  it  is  the  better  marked  the  more  the  shaken  inactivated  serum  can 
be  reactivated  by  other  factors,  as  will  later  be  shown.  The  question 
as  to  the  restitution  of  a  shaken  serum  by  a  normal  serum  is,  in  reality, 
how  far  the  former  interferes  with  the  action  of  normal  complement. 
Jakoby  and  Schuetze  (1910)  found  no  inhibition  to  take  place,  a  fact 
which  I  can  confirm.  It  proved  to  be  the  same,  whether  the  precipitated 
globulins  were  removed  by  the  centrifuge  and  filtering,  or  not  removed 
at  all.  I  found  also  that  the  precipitate  itself  showed  no  inhibiting 
effect  on  normal  complement  action.  Only  when  present  in  large  excess 
did  slight  inhibition  sometimes  occur.  This  is  confirmed  by  the  work 
of  Landsteiner  and  Stankovic  (1906),  who  found  that  heat-coagulated 
serum  proteins  produced  a  slight  inhibiting  effect.  Hirschfeld  and 
Klinger  (19U),  however,  found  that  sometimes  the  centrifuged  pre- 
cipitate of  a  shaken  serum  exerted  an  anti-complementary  effect, 
but  this  was  not  constant.  On  the  other  hand  the  sera  after  shaking 
were  sometimes  so  anti-complementary  as  to  give  a  positive  Wa. 
reaction,  even  if  the  serum  had  been  well  centrifuged.  Rut  it  must  be 
remembered  that  these  authors  worked  exclusively  with  human  serum, 
which  may  behave  very  differently  from  guinea-pig  serum  when  shaken, 
the  latter  showing  no  inhibiting  effect  after  shaking,  as  also  Courmont  and 
Dufourt  found  (1912). 

Whether  inhibition  of  normal  complement  action  takes  place  or  not 
would  according  to  P.  Schmidt's  conception  be  explained  by  assuming 
a   partial    or    complete    saturation    of    the    adsorbing    surface   of    the 
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precipitated  irlobulins,  but  there  seems  to  be  some  difficult}'  in  under- 
standing why  the  albumins  of  the  fresh  serum  do  not  effect  a  solution  of 
the  globulins,  thus  setting  the  adsorbed  complement  free,  such  as  occurs 
on  the  addition  of  a  normal  E-piece.  It  may  be  })ossible  also  to  assume, 
that  addition  to  a  fresh  serum  of  such  a  dispersed  phase  as  an  opalescent 
shaken  serum  represents  gives  rise  in  the  fresh  serum  to  adsorptions  by 
increase  of  surface  analogous  to  those  which  effected  the  inactivation 
by  shaking. 

The  reactivation  of  a  shaken  serinn  by  means  of  the 
complement  fractions. 

As  regards  the  technique  it  must  be  mentioned,  that  in  order  to 
obtain  the  complement  fractions,  the  COg-method  of  Liefmann  has  been 
employed,  it  giving  more  uniform  results  than  the  HCl-method  of 
Altmanu,  which  I  had  previously  employed.  After  diluting  the  serum 
1  :  8  with  aqu.  dist.,  COg  was  passed  through  for  half  an  hour,  the 
temperature  being  kept  low  by  means  of  ice.  The  serum  was  then  well 
centrifuged,  the  supernatant  fluid  filtered  through  hardened  paper  and 
then  rendered  isotonic.  The  precipitate  was  washed  once  with  distilled 
water  and  diluted  with  0-85  %  XaCl  solution  immediately  before  use. 

For  the  sake  of  brevity  I  shall  employ  the  follomng  signs  : 

C„  =  normal  complement  containing  serum. 

Csi,  =  serum  inactivated  by  shaking  at  37°  C. 

Cti,  =  serum  inactivated  by  heating  at  56°  C.  for  half  an  hour. 

C5,   Cjo,    etc.  =  sera  inactivated   by   heating  at  56°  C.  for  5,   10,  etc. 

raiinites. 
En  and  Mn  =  COo  fractions  obtained  from  a  normal  serum  (Cj,)- 
Esh  and  Msh  =  COg  fractions  obtained  from  a  shaken  inactivated  serum 

(CU). 
Eth  and  Mn,  =  COg  fractions  obtained  from  a  thermo-inactivated  serum 

(Cth). 
■^5>  ^10 >  6tc.  and  M5,  Mj^,  etc.  ^  CO2  fractions  from  sera  heated  at 

56°  C.  for  5,  10,  etc.  minutes. 

Ritz  (1912)  showed  that  the  process  of  inactivation  by  shaking 
consists  of  two  stages.  In  the  first  stage  it  is  possible  to  reactivate 
Csh  by  Mji  or  E„,  in  the  second  stage  this  has  become  impossible. 
I  found  previously  the  reactivation  by  M„  to  be  impossible,  and  if 
we  are  to  understand  by  reactivation  a  complete  restitution  of  an 
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otherwise  completely  inactivated  shaken  serum,  I  must  still  adhere  to 
that  opinion;  but  that  a  partial  reactivation  can  be  effected  by  M,,  is  to 
be  seen  from  the  experiments  I  and  II. 

Exp.  I.  Guinea-pig  serum,  diluted  1  :  10  \Yitli  0-85  %  saline,  was 
shaken  for  different  times,  then  tested  as  regards  its  haemolytic  power 
and  its  reactivation  by  M-piece  and  E-piece. 

10  c.c.  of  this  serum  was  shaken  in  tube  of  60  c.c.  volume. 

Haemolysis  of  0-5  c.c.  sensit.  red  cells  (AB  dose  —  three  times  the 
single  lysing  dose)  after  1  hour  at  37°  and  15  hours  at  room  temperature. 

0*.5c.c.  E„        0-5  c.c.  M„     0"5  c.c.  saline 
+  Csii  05  c.c.  0"5  c.c.  0"5  c.c. 

after  being  shaken  at  37°  for    h  br.  H  jHj  B 
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Exp.  II.     C„  diluted  jn  with  saline  was  shaken  ;    13  c.c.  liquid  in 
67  c.c.  containing  tube. 
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Every  half  an  hour  1-5  c.c.  was  taken  out,  centrifuged  and  tested. 

C„  was  undiluted,  exposed  to  56°  C.  for  between  5  and  30  minutes, 
then  diluted  1  :  10  with  saline. 

(AB  dose  and  amount  of  red  cell  emulsion  equal  to  Exp.  I.) 

Haemolysis  after  1  hour  at  '31"^  and  10  hours  at  room  temperature. 

To  0-5  c.c.  of  Csh  was  added  0-5  c.c.  of  M,,,  E„  or  C,,,  the  total  volume, 
being  1-5  c.c. 

These  experiments  1  and  II,  as  well  as  many  others  giving  similar 
results,  demonstrate  that  a  serum,  the  complementing  power  of  which 
is  considerably  diminished  by  the  shaking,  but  which  is  yet  not  com- 
pletely inactivated,  can  be  fully  restored  by  Mn.  If  however  the 
inactivation  process  is  further  advanced  and  finally  completed,  the 
haemolytic  action  of  the  serum  can  no  longer  be  restored  by  Mn, 
except  to  a  very  small  degree,  while  E„  has  still  its  full  reactivating  effect. 
Further  shaking  of  the  serum  will  diminish  and  finally  abolish  the 
possibility  of  reactivation  by  En,  and,  as  Exp.  II  shows,  also  that 
of  Cth.  Therefore  the  inactivation  process  by  shaking  is  to  be  con- 
sidered as  progressing  in  such  a  manner  that  the  possibility  of  reactiva- 
tion by  Mn  is  first  lost,  later  that  of  E,,,  and  finally  the  reactivation 
by  Cth  disappears.     Such  a  serum  is  then  irreversibly  inactivated. 

The  reactivation  of  a  serum  inactivated  by  shaking,  by  means  of  a  thermo- 
inactivated  serum  and  the  relation  of  this  process  to  the  reactivation 
by  the  normal  complement  fractions. 

The  reactivation  of  Csi,  by  Cth  is  in  some  way  connected  with  the 
reactivation  by  means  of  M„  and  E„,  but  before  attempting  to 
explain  this,  I  will  give  the  results  of  a  series  of  experiments  demon- 
strating these  facts. 

The  above-mentioned  Exp.  II  shows  that  the  possibility  of  reacti- 
vating Csh  by  Cih  decreases  progressively,  either  if  the  Cth  is  heated 
for  a  longer  and  longer  time,  or  if  the  Csh  is  submitted  to  a  more 
prolonged  shaking. 

In  a  former  paper  (1913)  I  pointed  out  that,  generally  speaking, 
Csh  can  be  reactivated  by  Cth  as  long  as  the  latter  can  be  reacti- 
vated by  En .  I  shall  refer  to  this  later.  In  Exp.  II  however  this  is 
only  approximately  the  case,  for  it  is  shown  that  Cj-  is  able  to 
reactivate  a  Csh  shaken  2  hours,  to  a  large  extent,  in  spite  of  the  fact 
that  neither  E„  nor  Mn  has  any  effect  on  Cth-  This  is  exactly 
what  Ritz  explains  by  assuming  a  third  component. 
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Exp.  III.  A  guinea-pig  serum  of  24  hours  standing  was  partly 
shaken  at  37°  undiluted,  partly  heated  at  56°  for  half  an  hour  and  partly 
not  treated. 

All  sera  were  then  submitted  to  the  effect  of  COg  and  thus  the 
fractions  were  obtained,  the  signs  for  which  are  employed  as  above 
stated. 

Haemolysis  of  1  c.c.  sensit.  red  cell  emulsion  after  1  hour  at  37° 
and  15  hours  at  room  temperature. 

(AB  dose  =  four  times  the  single  lysing  dose.) 

Exp.  Ill  shows  that  Csh  can  be  reactivated  by  M„,  the  more  so 
the  greater  the  dilution  of  M„,  and  that  M30,  i.e.  a  M-J5iece  derived 
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from  a  thermo-inactivated  serum,  gives  a  more  complete  reaction  than 
Mm,  Msh  having  no  effect. 

In  the  case  of  the  reactivation  by  E-piece  it  is  irrelevant  whether 
the  E-piece  is  derived  from  a  normal  or  from  a  thermo-inactivated 
serum.     Even  the  addition  of  E^i,  has  a  marked  effect. 

The  thermo-inactivated  serum,  C30,  was  not  anti-complementary 
nor  could  it  be  reactivated  by  E„  or  by  E^h,  except  to  a  very  slight 
extent.  On  the  other  hand  its  reactivating  power  on  Csh  was  well 
marked,  the  latter  being  however  not  completely  inactive. 

Exp.  IV.  Fresh  guinea-pig  serum  was  treated  with  COg,  and  the 
M-piece  thus  obtained  shaken  for  1  hour  at  37° ;  other  parts  of  the 
M-piece  were  diluted  in  different  concentrations  and  then  either  heated 
or  not  treated  otherwise. 
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Each   tube   contains    1  c.c.   j\  diluted   d,    M-piece    in    decreasing 
amounts,  saline  to  fill  up  to  2  c.c.  and  1  c.c.  sensit.  red  cell  emulsion. 
(AB  dose  =  three  times  the  single  lysing  dose.) 

Haemolysis  after  1  hour  at  37°  and  24  hours  standing  at  room  temp. 
The  control  reactions  were  satisfactory. 
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Exp.  IV  shows  the  anti-complementary  effect  of  a  normal  M-piece 
on  a  normal  serum,  decreasing  with  dilution  and  with  heating,  the 
shaken  M-piece  having  no  longer  any  anti-complementary  effect. 

Exp.  V.  Haemolysis  after  1  hour  at  37°  and  15  hours  standing  at 
room  temp. 

1  c.c.  sensit.  red  cell  emulsion,  AB  dose  being  three  times  the  single 
lysing  dose. 

Total  volume  in  each  tube  =  3  c.c,  of  each  factor  1  c.c.  being  in 
reaction. 

From  Exp.  V  it  follows  that  a  shaken  serum  which  is  completely 
inactivated  and  unable  to  be  reactivated  by  a  normal  M-piece  is  restored 
by  the  addition  of  a  M-piece  obtained  from  a  thermo-inactivated  serum. 

The  collected  froth  of  a  shaken  serum  retains  its  haemolytic  power 
longer  than  the  shaken  liquid. 

No  difference  is  to  be  found  in  the  reactivation  of  a  shaken  serum 
by  an  E-piece,  whether  obtained  from  a  normal  serum  or  from  a  thermo- 
inactivated  serum. 

In  the  course  of  thermo-inactivation  the  property  of  being  reactivated 
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by  the  normal  complement  fractions  is  lost  quicker  in  the  case  of  the 
M-piece  than  in  the  case  of  the  E-piece. 

The  anti-complementary  effect  produced  on  normal  complement  by 
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a  M-piece  obtained  from  a  thermo-inactivated  serum  is  very  small  when 
compared  ^vith  the  inhibiting  efEect  of  a  normal  M-piece. 

Exp.  VI.  Haemolysis  after  1  hour  at  37°  and  15  hours  at  room 
temperature. 

1  c.c.  sensit.  red  cell  emulsion.  AB  dose  =  three  times  the  single 
lysing  dose. 

Total  volume  in  each  tube  =  3  c.c,  of  each  factor  1  c.c.  being  present. 
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This  experiment  shows  first  of  all  the  gi-eat  difference  in  the  action 
of  a  M-piece  upon  an  E-piece  or  on  a  shaken  inactivated  serum.  Exp. 
VI  shows  also  what  we  have  already  seen  in  Exp.  V,  that  a  shaken 
inactivated  serum,  not  being  reactivated  by  a  normal  M-piece,  will 
become  so,  if  the  M-piece  is  derived  from  a  thermo-inactivated  serum, 
exposed  to  56°  C.  for  10  minutes.  Such  a  M-piece  has  a  slight  effect, 
when  combined  with  a  normal  E-piece,  but  while  heating  such  a 
M-piece  will  completely  destroy  this  effect,  the  action  of  it  on  a  shaken 
serum  is  but  slightly  diminished. 

The  same  experiment  shows  further,  that  the  effect  of  heating  an 
isolated  E-piece  will  not  altogether  destroy  its  power  of  reactivating 
a  shaken  serum,  but  it  will  do  so,  if  the  E-piece  has  been  obtained  from 
a  serum  already  heated  for  10  minutes  at  56°  C. 

It  is  of  interest  to  note  in  this  connection,  that  Exp.  Ill  shows  that 
a  M-piece  obtained  from  a  shaken  but  not  completely  inactive  serum 
acted  quite  well  with  a  normal  E-piece,  but  did  no  longer  do  so  if  the 
latter  had  been  heated. 

Exp.  VII.  Haemolysis  of  1  c.c.  sensit.  red  cell  emulsion  (AB  dose 
=  three  times  the  single  lysing  dose)  after  1|  hours  at  37°. 
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From  the  observations  made  in  Exp.  VII  the  following  conclusions 
can  be  drawn  : 

The  normal  action  of  a  M-piece  on  an  E-piece  is  abolished  by  shaking 
the  isolated  M-piece.  If  the  M-piece  however  is  derived  from  a  shaken 
serum,  the  complementing  power  of  which  is  considerably  weakened  by 
shaking,  such  a  M-piece  still  has  a  well-marked  effect  with  a  normal 
E-piece. 

On  the  other  hand,  if  the  action  of  a  normal  E-piece  on  a  normal 
M-piece  is  considered,  no  loss  of  activity  of  the  E-piece  is  observed 
when  the  latter  has  been  shaken  for  an  equal  length  of  time  as  the 
M-piece. 

[Only  shaking  the  E-piece  for  a  very  long  time  will  destroy  its  action.] 
The  E-piece  of  a  shaken  serum  is  altered  only  to  a  very  slight  extent. 

Exp.  VIII.  Fresh  guinea-pig  serum  y^  diluted  was  shaken  4  hours 
at  37°,  then  centrifuged  and  submitted  to  the  following  tests  : 

Haemolysis  of  0-5  c.c.  sensit.  red  cell  emulsion  (AB  dose  =  twice 
the  single  lysing  dose)  after  1  hour  at  37°  and  about  15  hours  at  room 
temperature. 

E„  B  =  E-piece,  which  after  being  rendered  isotonic,  was  filtered 
through  a  Berkefeld  filter  (40  x  14  mm.). 

E„  A  =  E-piece.  the  reaction  of  which  has  been  rendered  equal  to 

fi 

that  of  the  C,,  by  means  of  addition  of  NaOH,  neutral  red   and 

250 

rosolic  acid  being  used  as  indicators. 

From  Exp.  VIII  it  follows  that  the  reactivation  of  a  shaken  inactive 
serum  by  means  of  an  E-piece  is  only  slightly  diminished  if  the  latter  has 
been  filtered  through  a  Berkefeld  filter.  [This  observation  is  not  con- 
stantly found,  cf.  Exp.  IX.]  But  the  action  of  the  E-piece  on  a  M-piece 
is  totally  abolished  by  the  Berkefeld  filtration. 

A  normal  E-piece  reactivates  a  shaken  serum  even  after  being 
heated  15  minutes,  but  a  slight  addition  of  alkali  to  the  E-piece  destroys 
its  action,  whether  heated  or  unheated,  on  a  shaken  serum  as  well  as 
on  a  normal  M-piece  [not  constantly  found]. 
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,,     E„A. 

^    1       „ 

,,     E„A 

at  56°  C. 


1  c.c.  j's  diluted  M„  +  1  c.c.  yV  diluted  E„  ... 

M  +  1       „            M     E,.B 

„  +  1       ,,            ,,     E„.\ 

,,              ,,             ,,  +  1       ,,              ,,     ]'"„  heated  for  1-5  mins 

„  +  1       „             „     E„.\     „ 


at  o(j'  C. 


1  c.c.  ,V  diluted  C,|,  + 

C„  + 

,,  ,,  Cti,  (15  mins.  at  56°)  + 


1  c.c.  saline 


a 

D 
D 
■ 

■ 

n 

■ 

D 
D 

n 

D 

n 
■ 


Haemolysis  of  0-5  c.c.  sensit.  red  cell  emulsion  after  1  hour  at  37° 
and  15  hours  at  room  temperature ;  sensitization  effected  with  three 
times  the  single  lysing  dose  of  AB. 

Exp.  IX  shows  that  a  shaken  serum  can  no  longer  be  reactivated 
by  an  E-piece,  if  submitted  to  Berkefeld  filtration.  Contrarily  to 
Exp.  VIII  this  experiment  shows  that  the  E-piece  after  Berkefeld 
filtration  was  no  longer  capable  of  reactivating  a  shaken  serum. 

If  an  E-piece  is  heated  for  too  long  a  time  its  action  on  a  shaken 
serum  will  disappear. 

Addition  of  alkali  to  an  E-piece  has  a  somewhat  lesser  inhibiting  effect 
in  this  experiment  than  in  Exp.  VIII. 

A  thermo-inactivated  serum,  in  spite  of  being  reactivated  by  an 
E-piece,  showed  no  action  on  the  shaken  inactive  serum. 
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Experiment  IX. 

E„A  =  0-o  c.c.  K„  +  0-3  c.c.  ^  NaOH  in  U-85  "/o  NaCl  in  each  tube. 

E„A„,  =  0-5c.c.  E„  +  0-3c.c. --^  NaOH  in  0-85  "/o  NaCl,  the  mixture  heated  for  30  mins. 
at  56°  C. 

NaCl  1=  0-5  c.c.  NaCl  solution +  0-3  c.c.  ---  NaOH  in  0-8.5  %  NaCl  in  each  tube. 

E„      E„B    E„A     E„,    E„A„,    C„,      M„    NaClA  NaCl 

O-o  c.c.  C,,,  tV  diluted,  Ihr.  shaken,     HDHEHBDnn 
cloudy,  being  not  filtered 

0-5  c.c.  c,„,v  diluted,  2  hrs.  shaken,  annnnnnnn 

not  filtered  (cloudy)  ML^Ld^^^l^LJLJ 

O-Sc.c.  C.rV  diluted,  2  hrs.  shaken,  \~J      \     ^[711     ^1     ^1     ^1     ^1     ^|     I 

filt.tbrouKh  hard  paper  (opalesc.)  l-"L_JL_JLJI_jl_JI_ll_JL_l 

Ov5  c.c.  C,,,^    diluted.  2  hrs.  shaken,  HDHDnnnnn 

nit.  through  Berkef.  hit.  ^clear) 

0-5c.c.ahi^odiluted,  3  hrs.  shaken,     H^HQnQ  HQ 

not  filtered  

0-5  ccM,,.,  diluted  ■  H  ■  H  H  D      n  n 

O-oc.c.  C,|,(30mins.ato6  )  iVdiluted     H      0  |     |  [     | 

0"5  c.c.  C  control  serum  ^-^  diluted,  ^| 

(3  hours  at  37°) 

Summary  of  the  experimental  results. 

In  order  to  better  survey  the  results  obtained  in  the  experiments 
described,  I  summarise  them  as  follows  : 

A  shaken  serum  can  be  reactivated  by  M„,  En,  CVh  or  not  at  all, 
according  to  the  degree  of  inactivation  produced  by  the  shaking  [I,  II]. 

The  restitution  effect  of  M„  is  only  found  if  the  activity  of  the 
serum  has  not  yet  been  completely  destroyed  fl,  II].  This  action  of 
Mn  disappears  when  the  isolated  M„  has  been  shaken  or  heated 
[VI],  but  a  M-piece  of  a  Cth  may  still  exert  full  reactivation  on  a 
Csh,  when  M„  no  longer  produces  such  an  effect  [V,  VI].  Even 
heating  a  Mti,  will  influence  but  little  its  restitution  effect  on  a  C,h 
[VI].  Normally  M,,  has  an  anti-complementary  effect  upon  C,,  [IV]. 
This  effect  will  be  diminished  by  increasing  dilution  of  the  M,i  and 
with  the  influence  of  heat  upon  it,  but  it  will  altogether  disappear 
if  M,i  has  been  shaken  [IV].  The  normal  action  of  M,i  upon  E„  will 
also  be  destroyed  either  by  shaking  or  heating  of  the  M„  [VII]. 
k  Mti,  however  still  exerts  some  action  upon  E„,  which  promptly 
disappears,  if  such  an  isolated  Mu,  is  exposed  to  heat.  But  even  then 
it  retains  some  of  its  reactivating  power  on  a  Csh  [VI]. 
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A  shaken  serum  completely  inactivated  as  regards  complement 
action  can  still  be  reactivated  by  E„  or  Cti,,  when  M„  will  no  longer 
have  anv  effect  [I,  II].  It  requires  a  much  longer  time  to  render 
an  E„  inactive  by  shaking  [VII]  than  it  does  for  a  M„.  An  E„  works 
equallv  well  as  regards  reactivation  of  Csh,  whether  obtained  from 
a  C„  or  Cti,  [V,  VI].  If  an  isolated  E„  be  heated,  its  power  of 
reactivating  a  shaken  inactive  serum  is  maintained  for  a  longer  time 
than  its  activity  with  a  M„  [VIII]-  The  addition  of  alkali  to  an 
Ell.  which  obtained  by  COg  is  acid  in  character,  tends  to  inhibit  its 
restitution  effect  on  C^i,.  but  this  result  has  so  far  not  been  obtained 
with  regularity. 

The  reactivation  of  C.sii  by  means  of  Cu,  can  take  place,  in  spite 
of  Cth  not  being  able  to  be  reactivated  by  M„  or  En.  The  property 
of  Cti,  to  reactivate  a  Csh  decreases  with  a  prolonged  exposure  to 
heat.  Vice  versa,  however,  a  Cti,  may  be  reactivated  by  an  E„  and 
yet  be  without  effect  on  Csh  [IX].  In  such  a  case  no  anti- 
complementary effect  of  Cti,  on  a  normal  C,,  could  be  observed  [II]. 

By  means  of  Berkefeld  filtration  it  is  possible  to  render  a  C^i,  no 
longer  able  of  being  reactivated  by  E„  [IX],  and  on  the  other  hand  to 
allow  an  E,,  still  to  retain  its  action  on  C.,h  [VIII]. 

Theoretical  part. 

First  of  all  I  think  it  certain  that  shaking  produces  a  progressing 
alteration  of  all  the  serum  proteins,  leading  finally  to  their  denaturation. 
This  alteration  affects  principally  and  first  of  all  the  euglobulin,  changes 
in  the  albumin  and  pseudoglobulin  following  later,  but  always  being 
present  before  visible  coagulation  takes  place.  There  is  not  yet  enough 
evidence  to  identify  the  complementing  property  of  a  serum  with  a 
certain  definite  state  of  equilibrium  in  the  physical  conditions  of  the 
different  proteins,  as  regards  their  quantity  and  their  degree  of  dis- 
persity,  which  latter  are  closely  connected  with  the  amount  of  salts 
present  and  the  H'-concentration.  But  it  can  be  safely  assumed  that 
complement  action,  whether  due  to  an  existing  substrate  or  not,  is 
dependent  on  certain  physical  conditions  of  the  serum  and  will  therefore 
become  lost  as  a  consequence  of  anything  which  alters  these  conditions. 
The  reactivation  of  a  serum  is  only  a  question  of  how  far  these  alterations 
are  reversible  or  not. 

Now,  the  following  explanation  may  cover  at  least  the  majority  of 
observations,  if  not  all. 
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Addition  of  a  M-piece  to  a  shaken  serum  can  only  produce  reactiva- 
tion if  the  alteration,  which  the  albumins  undergo  by  shaking,  is  not 
yet  so  far  advanced  as  to  prevent  them  from  controlling  the  dispersity 
of  euglobulin.  It  is  evident  that  irreversible  changes  in  the  added 
M-piece  brought  about  by  shaking  or  heating  destroy  any  effect  which 
the  addition  of  a  M-piece  may  otherwise  have.  Alterations  in  the 
albumins  in  a  serum  produced  by  shaking  take  place  more  rapidly  than 
the  denaturation  of  the  euglobulin,  which  latter  process  is  only  the 
consequence  of  the  former,  as  I  explained  in  greater  detail  in  another 
communication  [1914]. 

From  this  it  follows  that  reactivation  by  M-piece  very  soon  disap- 
pears, and  that  addition  of  an  E-piece  has  an  effect  only  so  long  as  there 
are  euglobulins  still  in  a  reversible  condition  of  commencing  denatura- 
tion. Their  removal  by  a  Berkefeld  filtration  abolishes  any  reactivation 
by  an  E-piece,  but  the  Berkefeld  filtration  of  an  E-piece  is  not  necessarily 
followed  by  a  loss  of  its  restitution  power,  for  I  found  that  Berkefeld 
filtration  chiefly  retains  the  pseudoglobulin  of  the  E-piece  (1914).  Such 
a  Berkefeld  filtered  E-piece  shows  no  longer  any  acti\'ity  with  a  normal 
M-piece,  which  is  difficult  to  explain.  This  may  be  due  to  the  absence 
of  pseudoglobulins,  which  according  to  the  recent  work  of  Browning 
and  Mackie  (1914)  represent  the  main  factor  in  the  haemolytic  comple- 
menting action  of  a  serum.  I  could  however  not  obtain  these  results 
vnih  well  dialysed  preparations  of  the  different  proteins  of  guinea-pig 
serum,  so  I  must  leave  this  question  undecided.  On  the  other  hand, 
I  found  that  addition  of  pure  albumin  obtained  by  fractionated  salting 
out  with  the  sulphate  of  ammonium  has  a  similar  but  weaker  effect  on 
a  shaken  inactive  serum  than  that  of  an  E-piece  [not  constantly  found]. 
To  destroy  this  power  of  E-piece  by  shaking  it  requires  a  longer  time, 
owing  to  its  solubility  in  water  being  greater  than  that  of  the  euglobulin. 

If  the  shaking  effect  however  is  so  advanced  that  no  more  euglobulin 
is  left  in  a  reversible  state,  the  addition  of  both,  E-piece  as  well  as  pure 
albumin,  will  have  no  more  effect.  If  this  be  the  case,  sometimes  a 
thermo-inactivated  serum  is  found  to  have  still  a  marked  effect  on  the 
reactivation  of  a  shaken  serum,  but  before  attempting  to  explain  this 
fact  the  alterations  of  a  fresh  serum  produced  by  heat  must  be  con- 
sidered. 

As  I  described  in  greater  detail  in  another  communication,  heating 
a  serum  to  56°  C.  for  half  an  hour  is  followed  by  more  or  less  marked 
denaturation  of  its  proteins  [H.  Chick  and  C.  J.  Martin,  1913].  The 
H"-concentration  is  decreased  and  the  heat  denaturated  particles  are 
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kept  in  dispersion  by  their  negative  charge.  If  by  acidification  with 
CO2  the  particles  become  isoelectric  with  the  medium,  they  aggregate 
and  form  a  precipitate.  The  precipitate  thus  obtained  (Mti,)  contains 
not  only  euglobulin  with  some  pseudoglobuliu,  which  form  the  precipi- 
tate by  CO2  in  the  case  of  a  normal  serum  diluted  with  water,  but  it 
contains  that  portion  of  all  proteins  which  has  been  affected  by  the 
heat.  In  redissolving  the  precipitate  in  saline,  a  part  of  it  is  often  found 
to  be  insoluble,  probably  consisting  chiefly  of  euglobulin.  Such  a  Mth 
due  to  its  albumin  content  can  still  reactivate  a  shaken  serum  upon 
which  a  normal  ^I-piece  will  no  longer  have  any  effect.  Perhaps  it  is 
the  electrical  charge  of  its  particles  and  also  its  albumin  content  which 
renders  such  a  Mth  more  resistant  to  heat  than  a  normal  M-piece. 

If  a  serum  is  exposed  to  56°  C,  its  complementing  power  rapidly 
decreases  ^^'ith  the  length  of  time,  and  this  happens  a  little  sooner  in 
the  case  of  an  undiluted  serum,  due  probably  to  the  ratio  of  the  protein 
content  to  the  salt  concentration  being  higher  in  the  case  of  a  diluted 
serum,  and  to  the  fact  that  the  presence  of  salts  lower  the  coagulation 
rate  by  heat  [Chick  and  Martin]. 

If  the  time  of  exposure  to  56°  C.  be  varied,  and  the  different  samples 
of  sera  so  obtained  be  treated  by  CO2  in  order  to  obtain  the  M-piece 
or  E-piece,  it  is  found  by  their  combination  with  the  corresponding 
fractions  of  a  normal  serum  [cf.  Exp.  V]  that  first  the  E-piece,  later  the 
M-piece,  is  destroyed,  i.e.  that  an  action  of  a  Mth  in  combination  with 
an  En  can  be  obtained  for  a  greater  length  of  time  than  the  action  of  an 
Eti,  with  a  M„.  This  has  been  already  found  by  many  other  authors 
[Sachs,  1913].  From  this  it  follows  that  as  long  as  a  shaken  inactivated 
serum  can  be  reactivated  by  a  normal  E-piece,  it  can  also  be  reactivated 
by  a  thermo-inactivated  serum,  if  the  latter  is  capable  of  being  reactivated 
by  an  E-piece.  In  some  cases  however  such  a  thermo-inactivated  serum 
is  found  to  have  no  influence  on  a  shaken  inactivated  serum,  in  spite  of 
both  being  reactivated  by  a  normal  E-piece.  I  think  that  alterations 
in  the  H'-concentration  account  for  this  phenomenon. 

On  the  other  hand,  a  thermo-inactive  serum,  incapable  of  being 
restored  by  an  E-piece,  may  still  reactivate  a  shaken  serum.  I  assume 
that  such  a  thermo-inactivated  serum  may  have  the  faculty  of  bringing 
even  the  denaturated  euglobulins  back  into  solution,  perhaps  owing  to 
its  alkalinity.  A  similar  faculty  of  lysing  a  precipitate  is  attributed 
to  a  heated  serum  by  Welsh  and  Chapman  (1909)  in  explaining  their 
observation  of  the  inhibition  which  a  heated  serum  exerts  on  specific 
precipitation.     If  however  the  denaturation  of  the  shaken  proteins  has 
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advanced  too  far,  even  this  lysing  effect  of  a  heated  serum  can  no  longer 
be  obtained. 

There  are  other  observations  more  difficult  to  explain,  for  instance 
the  fact  that  a  M-piece  of  a  serum,  heated  for  10  minutes  at  56°  C, 
gives  a  better  reaction  with  a  shaken  serum  than  with  a  normal  E-piece 
[Exp.  VI],  and  further,  that  10  minutes  heating  of  such  a  Mth  will 
abolish  the  effect  on  an  E-piece  but  only  slightly  diminish  the  action  with 
a  shaken  serum.  I  think  it  very  probable  that  here  again  alterations 
in  the  H'-concentration  play  the  most  important  part.  Some  pre- 
liminary investigations  have  shown  that  addition  of  traces  of  acid  or 
alkali  do  not  inhibit  the  effect  of  shaking,  and  on  the  other  hand  I  found 
it  impossible  to  reactivate  a  shaken  serum  by  means  of  decreasing  or 
increasing  its  H'-concentration.  I  intend  however  to  continue  my 
research  on  these  lines,  since  I  can  confirm  Xoguchi's  and  Bronfen- 
brenner's  observation,  that  it  is  possible  only  by  means  of  adding  some 
alkali  to  an  E-piece,  obtained  by  Liefmann's  method,  to  restore  ftdl 
haemolytic  action.     But  I  shall  deal  with  this  in  a  later  communication. 

As  already  mentioned,  P.  Schmidt  considers  complement  to  be  a 
ferment,  an  entity,  which  is  adsorbed  on  the  globulin  surfaces  in  all 
processes,  leading  to  their  precipitation.  I  readily  recognise  how  easily 
the  main  features  of  the  processes  involved  in  the  shaking  inactivation 
can  be  explained  by  this  conception,  but  there  are  many  points,  the 
explanation  of  which  by  this  hypothesis  seems  to  be  very  difficult  if  not 
impossible.     The  following  are  some  of  these  points  : 

P.  Schmidt's  conception  does  not  explain  the  reason  why  the 
albumins  in  the  shaken  serum  fail  to  bring  the  denaturated  particles 
into  solution,  whereas  fresh  albumin  will  do  so.  Further  the  reactiva- 
tion of  Csh  by  Cth,  the  fact  that  Mth  has  a  reactivation  effect  on  Csh, 
whereas  M,i  is  ineffective,  and  that  such  a  Mth  after  being  heated  loses 
its  activity  with  E„  but  not  vdth.  Csh-  The  observation  that  an  E„ 
being  submitted  to  Berkefeld  filtration  remains  active  with  a  Csh,  but 
not  longer  with  a  Mn. 

Last  but  not  least  the  observation  that  a  serum,  submitted  to  the 
effect  of  dilution  and  standing,  becomes  inactive,  if  rendered  isotonic,  in 
spite  of  the  euglobulins  being  in  complete  solution,  etc. 

I  claim  on  the  other  hand  to  have  shown,  that  at  least  as  many 
of  the  observations  can  be  equally  well  explained  by  assuming  no 
substrate  for  a  complement  at  all,  but  the  necessity  of  certain  physical 
conditions.  I  hope  later  to  be  able  to  bring  forward  more  evidence  in 
support  of  this  conception. 
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General  conclusions. 

It  has  been  attempted  to  show  that  at  least  most  of  the  experimental 
results,  a  summary  of  which  is  already  given  above,  can  be  explained 
by  assuming  that  shaking  produces  alterations  of  the  physical  condi- 
tions in  the  serum,  which  by  themselves  account  for  the  loss  of  com- 
plementing power  of  the  serum,  and  that  the  conception  of  a  complement 
being  a  ferment,  the  action  of  which  is  due  to  the  presence  of  a  certain 
substrate,  is  not  necessary.  But  there  are  some  observations  left 
unexplained  by  either  conception,  due  to  lack  of  further  experimental 
evidence. 
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STUDIES   ON  THE   BERKEFELD-FILTRATION 
OF  COMPLEMENT. 

By  HANS  SCHMIDT. 

{From  the  Bacteriological  Department,  Lister  Institute,  London.) 

Introductory. 

In  view  of  the  divergent  results  obtained  in  recent  work  dealing 
with  the  effect  of  Berkef eld  filtration  on  the  haemolytic  complement 
of  serum,  I  think  that  the  publication  of  the  results  which  I  have 
obtained  during  some  investigations,  which  I  have  been  carrying  out 
on  the  inactivation  of  complement  by  shaking,  may  not  be  without 
value. 

Muir  and  Browning  (1909)  found  that  by  filtration  through  a  Berke- 
feld  filter  the  complement  of  a  guinea-pig  serum  is  retained  by  the  filter 
to  a  large  extent — sometimes  indeed  completely, — but  if  more  serum  is 
filtered  it  passes  through.  Neufeld  and  Andrejew  (1909)  and  Andrejew 
(1910)  found  that  out  of  all  immune  bodies  in  serum,  complement  is  the 
most  completely  retained  by  filtration  through  Kieselguhr.  Andrejew 
showed  further  that  the  relative  loss  of  complement  was  considerably 
increased  when  the  serum  was  previously  diluted,  no  more  complement 
passing  through  if  the  serum  was  diluted  1  :  10.  A  detailed  investiga- 
tion of  the  filtrability  of  complement  was  then  undertaken  by  P.  Schmidt 
(1911, 1912).  He  confirmed  the  observation  of  Andrejew  in  regard  to  the 
effect  of  dilution.  His  explanation  was  that  the  colloidal  complement 
ferment,  which  he  considers  to  be  an  entity,  becomes  less  dispersed  by 
dilution  and  therefore  more  easily  retained  by  the  filter.  If  undiluted, 
the  serum  proteins,  especially  the  albumins,  have  a  protecting  influence 
upon  the  complement,  which  passes  through  the  filter  in  the  course  of 
prolonged  filtration,  because  the  albumins  cover  the  whole  Kieselguhr 
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surface,  thus  shutting  off  the  adsorbent  filter  surface  from  the  comple- 
ment. When  he  filtered  the  same  serum  repeatedly  through  the  same 
filter,  he  found  a  decrease  of  proteins  corresponding  with  a  steadily 
increasing  complementing  power  of  the  filtrate. 

The  results  of  my  first  experiments  proved  to  be  very  contradictory, 
and  not  until  I  had  made  the  technique  as  uniform  as  possible  did  I  get 
uniform  results,  which  could  be  reproduced  under  given  conditions. 
There  is  no  doubt  that  in  the  filtration  of  serum  an  adsorption  on  the 
filter  material  takes  place,  and  it  is  therefore  evident  that  according  to 
the  relations  between  filter  surface  and  the  filtrans  different  results  can 
be  obtained.  I  think  it  therefore  necessary  to  have  the  size  of  the 
filter  stated  as  well  as  the  quantity  of  the  filtrans.  The  fact  that  these 
data  are  wanting  in  most  papers,  renders  a  comparison  of  the  experi- 
ments difficult,  and  on  the  other  hand  may  explain  the  divergent  results 
which  the  literature  contains.  That  ceteris  paribus  also,  the  velocity 
of  the  filtration,  dependent  on  the  pressure,  the  H"-concentration,  and 
the  presence  of  neutral  salts  play  an  important  part,  wU  be  shown  at 
the  end  of  this  paper. 


Technique  of  experiments. 

The  Berkefeld  candles  employed  were  cylinders  of  about  40  mm. 
height  and  14  mm,  diameter.  The  filtration  was  directed  from 
outwards  to  inwards  and  was  effected  by  a  suction  water  pump  having 
a  pressure  of  about  680  mm.  Hg. 

During  filtration  the  whole  surface  of  the  filter  was  kept  covered  by 
the  liquid.  On  every  occasion  the  filter  was  cleaned  by  filtering  a  hot 
diluted  solution  of  NaOH  followed  by  distilled  water  until  the  filtrate 
was  neutral  to  phenolphthalein.  In  those  cases  where  the  filter  was 
not  completely  dried  before  use  (dist.  water  or  0-85  %  saline  remaining 
in  the  filter)  the  first  portion  of  the  filtrate  was  rejected.  The  com- 
plementary function  of  the  serum  was  tested  for  its  haemolytic  power 
in  combination  with  sensitized  sheep  red  corpuscles,  of  which  a  2-5  % 
emulsion  in  0-85  %  saline  solution  was  used.  The  haemolytic  immune- 
serum  was  inactivated  rabbit  serum,  the  single  lytic  dose  of  which  was 
0-0012.0  c.c.  for  1  c.c.  of  the  red  cell  emulsion  and  0-1  c.c.  complement 
containing  serum. 

In  the  haemolytic  tests  the  following  schema  has  been  adopted  to 
illustrate  different  degrees  of  haemolysis. 
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I    I  No  haemolysis. 

r*l  Faint  trace  of  haemolysis. 

Q  Very  slight  haemolysis. 

H  Well-marked  haemolysis. 

[]  Half  haemolysed. 

9  Strong  haemolysis. 

B  Very  strong  haemolysis. 

D  Nearly  complete  haemolysis  [a  slight  trace  of  unlaked  cells  at 

the  bottom]. 

H  Complete  haemolysis. 

Experimental  part. 

Exp.  1.  Filtration  of  fresh  guinea-pig  serum  undiluted  and  1  :  10 
diluted  with  0-85  %  saline  through  a  Berkefeld  candle  (50  X  14  mm.). 

Haemolysis  of  0-5  c.c.  sensit.  red  cell  emulsion,  after  1  hour  at  37° 
and  15  hours  at  room  temperature.     AB  dose  =  0-0025. 
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Exp.  1  shows  that  the  loss  of  complementing  power  of  undiluted 
serum  seems  to  be  relatively  small  compared  with  the  nearly  total  loss 
in  the  case  of  the  serum  which  has  been  diluted  1  :  10  with  saline.  It 
will  be  observed  however  that  the  absolute  amount  of  native  serum 
which  passes  the  filter  after  filtration  of  10  c.c.  of  the  diluted  serum 
is  less  than  the  amount  of  undiluted  serum  which  has  passed  through 
the  filter  during  the  filtration  of  6  c.c.  undiluted  serum.  This  experiment 
when  repeated  always  gave  similar  results  indicating  that  the  relatively 
smaller  loss  of  complement  in  an  undiluted  serum  is  only  apparent. 

If  according  to  P.  Schmidt  the  complement  is  supposed  to  be  a 
ferment  and  an  entity,  it  will  be  adsorbed  on  the  Kieselguhr  surface  either 
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owincr  to  its  action  on  the  surface  tension  or  by  electrical  interaction 
[anomalous  adsorption].  Adsorption  is  going  on  so  long  as  the  surface 
is  not  completely  saturated,  and  saturation  is  more  quickly  reached  in 
the  case  of  undiluted  serum.  In  the  case  of  diluted  serum  much  more 
liquid  is  required  to  saturate  the  adsorbing  surfaces,  so  as  to  finally 
allow  the  complement  to  pass  through.  There  is  therefore  no  need  to 
assume  a  lesser  degree  of  dispersity  of  the  complement  ferment  as  an 
effect  of  dilution,  for  which  there  is  also  no  other  evidence.  P.  Schmidt 
supposes  further  that  the  complement  already  adsorbed  on  the  filter 
surface  will  be  freed  in  the  course  of  the  filtration  by  the  protecting 
effect  of  the  albumins,  which  accumulate  at  the  filter  surface.  This 
seems  to  be  difficult  to  understand,  for  there  is  no  evidence  that  the 
albumins  and  the  complement  have  a  different  action  on  the  surface 
tension,  and  it  is  difficidt  to  see  why  the  albumins  are  not  immediately 
adsorbed,  thus  preventing  the  complement  from  being  adsorbed  at  all. 
On  the  other  hand  it  may  be  possible  to  assume  that  the  comple- 
menting power  of  a  serum  is  not  bound  on  a  certain  substrate,  but 
requires  certain  physical  conditions  of  the  serum,  namely  the  relative 
state  of  the  different  serum  proteins  as  regards  their  quantity  and  their 
degree  of  dispersity,  which  latter  is  closely  connected  with  the  amount 
of  neutral  salts  present  and  the  H"-concentration.  If  a  serum  which  has 
complementing  power  is  filtered  through  a  Berkefeld  filter,  the  whole 
filtering  surface  must  first  of  all  be  changed  by  adsorption  of  proteins 
and  its  adsorptive  power  completely  satisfied,  before  the  serum  can 
pass  unchanged  as  regards  its  complementing  power.  This  requires  in 
a  given  filter  a  certain  amount  of  proteins,  and  this  condition  of  complete 
adsorption  in  the  case  of  an  undiluted  serum  is  naturally  more  quickly 
reached.  The  first  fraction  of  the  filtrate  is  very  poor  in  protein.  With 
the  increasing  protein  content  the  complementary  function  of  the 
filtrate  increases,  finally  reaching  the  original  value  of  the  serum  before 
filtration.  If  such  a  serum  is  repeatedly  filtered  through  the  same 
filter,  as  P.  Schmidt  did  16  times,  the  protein  content  was  found  by  him 
to  steadily  decrease,  whereas  the  complement  activity  increased.  The 
following  Exp.  2  does  not  confirm  this  statement  of  P.  Schmidt. 
But  owing  to  the  absence  of  detailed  data  in  his  paper  the  experiments 
can  only  be  compared  to  a  restricted  degree. 

Exp.  2.  30  c.c.  of  fresh  undiluted  guinea-pig  serum  was  17  times 
filtered  through  the  same  Berkefeld  filter. 

After  each  filtration  0-5  c.c.  was  taken  and  diluted  1  :  10  with  0-85  % 
NaCl. 
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Haemolysis  after  1  hour  at  37°  and  1  hour  at  room  temperature. 
0-5  c.c.  sensit.  red  cell  emulsion.     AB  dose  =  0-0025  c.c,  the  total 
volume  being  1-5  c.c. 
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Exp.  2  shows  that  the  complementing  power  of  the  serum,  which  is 
still  well  marked  after  the  first  filtration,  is  slowly  but  steadily  decreasing 
with  the  number  of  filtrations.  After  the  12th  filtration  had  been 
effected,  the  complementing  power  was  lost  and  did  not  reappear  on 
further  filtration.  The  first  part  of  the  first  filtrate  was  almost  free  of 
protein  as  in  Exp.  1.  Thereafter  the  velocity  of  adsorption  is  asymp- 
totically decreasing,  i.e.  so  long  as  filtration  is  going  on  there  will  be 
adsorption  but  finally  to  an  indefinitely  small  extent. 

From  Exp.  2  either  a  steadily  progressing  adsorption  of  complement 
ferment  may  be  assumed  or  the  relations  of  the  proteins  may  be  steadily 
changing  till  the  alteration  is  such  that  complementing  power  is  no 
longer  possible. 

The  saturation  of  the  filter  surface  can  also  be  effected  by  the  previous 
filtration  of  a  thermo-inactivated  serum  as  has  been  done  by  Muir  and 
Browning  (1909).  A  similar  experiment  was  made  by  Holderer  (1912), 
who  effected  the  filtration  of  diastase  through  a  Chamberland  candle 
after  the  previous  filtration  of  an  albumin  solution. 
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In  Older  to  decide  whether  the  different  proteins  in  the  serum 
undergo  a  different  adsorption  on  the  Kieselguhr  surface  of  the  filter, 
a  series  of  experiments  was  made  to  show  how  far  an  inactive  Berkefeld 
filtrate  can  be  reactivated  by  the  addition  of  the  serum  fractions  which 
have  been  obtained  by  the  COo  method  of  Liefmann.  For  the  sake  of 
brevity  I  call  the  fractions  M-  and  E-piece  respectively,  the  M-piece 
containing  the  euglobulin  and  a  relatively  small  part  of  the  pseudo- 
globulin,  the  E-piece  containing  all  the  albumin  and  the  main  bulk  of 
the  pseudoglobulin. 

Browning  and  Mackie  (1912)  found  that  no  reactivation  either  by 
M-piece  or  by  E-piece  takes  place,  but  later  (1913)  they  found  a 
restitution  possible  but  not  with  regularity.  P.  Schmidt  showed  that 
a  filtrate  which  was  ineffective  by  itself  could  be  reactivated  by  a  small 
amount  of  fresh  serum  which,  though  inactive  by  itself,  produced 
reactivation  by  a  summation  of  effects.  In  accordance  with  his  own 
conception  that  the  albumin  fraction  contains  always  traces  of  the 
complement  ferment,  the  main  bulk  of  which  is  adsorbed  on  the  surfaces 
of  the  euglobulin  precipitated  by  dilution  and  CO2,  he  concludes  that 
a  complete  removal  of  the  complement  by  means  of  adsorption  on  the 
filter  is  scarcely  to  be  expected.  The  complement  in  the  inactive 
filtrate  is  only  in  a  state  of  subactivity.  He  found  further  that  such 
a  filtrate  can  replace  an  E-piece,  i.e.  that  it  can  be  reactivated  by  the 
M-piece. 

Exp.  3.  Reactivation  of  the  filtrates  of  Exp.  1  by  the  fractions  of 
the  normal  guinea-pig  serum  (COg  method). 

Haemolysis  after  1  hour  at  37°  and  18  hours  at  room  temperature  of 
0-5  c.c.  sensit.  red  cell  emulsion. 

AB  dose  :■-=  0-0025  c.c.     Total  volume  =  1-5  c.c. 

(\)  filtrate 


0-5  c.c.      I 

II 

(h) 

0-5  c.c.  E-piece     [""1 

n 

(A) 

0-5  c.c.  M-piece     r~l 

■ 

III      IV 


I      II     III 

,                       0-85  % 

IV     M-p.    E-p.    NaCl 

Baa 

□  ■        D 

a  a  [] 

■         ■   D 

Exp.  3  shows  that  in  the  case  of  the  serum  which  has  been  filtered 
in  the  undiluted  state  no  reactivation  by  any  fraction  can  be  obtained 
as  long  as  the  filtrate  is  inactive  by  itself.  The  filtrates  of  the  diluted 
serum  however  could  be  reactivated  by  M-piece  in  an  increasing  degree, 
which  means  that  with  the  progress  of  the  filtration  more  albumin 
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passed  through,  which  then  increases  the  solubility  of  the  M-piece. 
Such  a  Berkefeld  filtrate  acts  therefore  as  an  E-piece,  just  as  P.  Schmidt 
found.  The  addition  of  E-piece  however  to  a  Berkefeld  filtrate  of  a 
diluted  serum  is  not  without  effect.  Either  complement  ferment  passed 
through  the  filter  in  a  state  of  subactivity,  but  becoming  active  by- 
summation  with  the  traces  of  complement  ferment  in  the  E-piece, 
or  on  the  other  hand  the  filtrate  still  contains  globulins,  which  together 
with  the  globulins  of  the  E-piece  give  a  summation  effect  by  the  excess 
of  albumin.  In  any  way  the  restitution  effect  of  the  albumin  fraction 
is  very  small. 

In  analogy  vdth  the  result  of  Exp.  2,  that  in  repeatedly  filtering 
the  same  serum  through  the  same  filter  a  slow  but  steady  decrease  of 
complement  occurs,  the  following  Exp.  4  shows  what  happens  if  the 
same  serum  be  filtered  through  a  series  of  different  filters. 

Exp.  4.  20  c.c.  of  an  undiluted  fresh  guinea-pig  serum  was  filtered 
through  a  series  of  Berkefeld  candles  under  similar  conditions. 

After  each  filtration  2  c.c.  of  the  filtrate  was  removed,  diluted  1  :  10 
with  0-85  %  saline  and  their  haemolytic  power  as  well  as  the  effect  of 
restitution  by  E-piece  or  M-piece  investigated. 

Control  reactions  vdih  E-piece  and  M-piece  worked  satisfactorily. 

Haemolysis  of  0-5  c.c.  sensit.  red  cells  (AB  dose  =  0-0025  c.c.) 
after  1  hour  at  37°  and  15  hours  at  room  temperature. 
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Exp.  4  shows  that  in  this  case  the  complementing  power  of  the 
serum  decreases  rapidly  with  each  filtration.  The  filtrate  thus  rendered 
inactive  could  not  be  reactivated  by  any  means. 

Filtration  of  the  CO^  fractions. 

In  connection  with  these  experiments  I  undertook  the  isolated 
filtration  of  the  COg  fractions  and  give  in  the  following  a  record  of  some 
typical  experiments. 
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Filtration  of  E-piece. 

Exp.  5.  To  decreasing  amounts  of  M-piece  diluted  y^  with  0-85  % 
saline  0-5  c.c.  of  filtered  E-piece  diluted  ^  is  added. 

Haemolysis  after  1  hour  at  37°  and  1  hour  at  room  temperature  of 
1  c.c.  2-5  %  sensit.  red  cell  emulsion.  AB  doses  =  0-0025  c.c,  the 
total  volume  in  each  tube  being  2  c.c. 
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Exp.  5  shows  first  of  all  the  fundamental  difterence  in  the  filtra- 
bility  of  an  E-piece  whether  rendered  isotonic  or  not.  The  passage  of 
the  E-piece  was  impossible  before  the  addition  of  salt.  The  salted 
E-piece  behaved  similarly  to  a  complement  serum  in  so  far  as  filtration 
is  concerned,  that  is,  the  longer  the  filtration  the  more  it  comes  through. 

Muir  and  Browning  have  already  found  that  the  permeability  of  the 
Berkefeld  filter  is  increased  by  the  addition  of  salt  to  the  serum,  thus 
rendering  the  serum  hypertonic.  The  serum  is  then  brought  back  to 
the  isotonic  condition  by  the  dilution  with  water.  This  has  been  later 
confirmed  by  Manol  and  Nowaczynski  (1910).  The  last  mentioned 
authors  succeeded  in  regaining  the  complement  retained  in  the  filter  by 
filtering  immediately  afterwards  a  hypertonic  solution  of  NaCl.  Muir 
and  Browning  did  not  succeed  in  this  experiment.  It  must  however 
be  mentioned  that  Manol  and  Nowaczynski  worked  with  the  Chamber- 
land  filter. 

Before  attempting  to  give  an  explanation  of  the  part  played  by  the 
presence  of  salts,  I  will  refer  to  another  experiment,  which  shows  this 
phenomenon. 

Exp.  6.  Effect  of  Berkefeld  filtration  upon  complement  serum 
diluted  1  :  10  with  distilled  water. 

Haemolysis  of  0-5  c.c.  sensit.  red  cell  emulsion  (AB  dose  =  0-0025  c.c.) 
after  1  hour  at  37°  and  15  hours  at  room  temperature. 


H.  Schmidt  445 


Guinea-pig   serum    after   standing    24  houia,  diluted    j~  with 
0-8o  %  NaCl 
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The  game  serum  but  dihited  ^V  with  aqu.  dist.     After  4  hours 

standing  at  room  temperature,  there  was  vei-y  marked  cloudi-  ^m 
ness,  which  completely  disappeared  by  rendering  the  serum  mm 
isotonic 

The  serum  thus  treated  and   rendered  isotonic +  1-0  c.c.   (^)        h      h      h      ^m 
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The  serum   thus    treated   and    rendered   isotonic+ 10  c.c.   yV        r-m      i — i      i — i      i — i 
M-piece  LI      Ld      H      U 

After  4  hours  standing  at  room  temperature  and  before  being 

rendered  isotonic,  the  serum  was  filtered  through  a  Berkefeld        [Tl      TT]      I     I      |     | 
candle  and  the  clear-looking  filtrate  rendered  isotonic 
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Exp.  6  shows  first  of  all  the  influence  of  the  dilution  with  aqu.  dist. 
upon  a  complement  containing  serum.  As  I  have  pointed  out  in 
another  paper  (1914)  the  inactivation  phenomenon  of  Sachs  and  Teruuchi 
(1907)  by  1  :  10  dilution  with  aqu.  dist.,  and  standing  a  certain  time, 
occurs  only  in  absolutely  fresh  serum.  The  serum  in  Exp.  6  was 
24  hours  old  and  was  not  yet  inactivated  after  4  hours  standing  at  room 
temperature  when  diluted  1:10  with  aqu.  dist.  The  complementing  power 
however  was  lessened.  The  complete  restitution  by  E-piece  and  the 
absence  of  such  an  effect  by  M-piece  are  in  favour  of  some  alteration 
of  the  albumins.  If  the  diluted  and  cloudy  serum  after  4  hours  standing, 
and  before  being  rendered  isotonic,  was  filtered  through  a  Berkefeld 
filter,  the  serum  became  clear,  just  as  if  it  had  previously  been  salted, 
but  if  the  filtrate  was  rendered  isotonic  it  proved  to  be  inactive  and 
incapable  of  being  reactivated  by  E-piece.  The  filtrate  however  still 
contained  traces  of  euglobulin  because  the  passing  of  COg  through  it 
gave  rise  to  a  slight  opalescence.  Only  if  the  serum  stood  for  many 
days  diluted  1  :  10  with  aqu.  dist.  did  I  succeed  in  completely  filtering 
off  the  euglobulin.  As  in  Exp.  5  the  absence  of  a  sufficient  amount  of 
salts  inhibited  the  passage  of  the  albumins,  for  the  restitution  by  the 
addition  of  fresh  M-piece  to  the  filtrate  proved  to  be  very  small,  but 
still  better  marked  than  the  effect  of  E-piece, 

A  comparison  of  the  different  effects  of  filtration  through  paper  or 
through  a  Berkefeld  filter  upon  the  action  of  E-piece  is  given  in  the 
following  Exp.  7. 
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Effect  of  filtration  upon  E- piece. 

Exp.  7.  Guinea-pig  serum  after  standing  2-i  hours  in  the  cool  room 
was  diluted  1  :  8  with  aqu.  dist.  and  made  acid  by  COg. 

The  precipitate  was  once  washed  and  immediately  before  use  dis- 
solved in  0-85  0^0  NaCl  in  1  :  20. 

The  supernatant  fluid  (E-piece)  was  treated  in  the  following  way  : 

I.  The  supernatant  fluid  was  rendered  isotonic  and  remained  other- 
wise untreated. 

II.  The  supernatant  fluid  was  filtered  through  soft  filter  paper  and 
then  rendered  isotonic. 

III.  The  supernatant  fluid  was  filtered  through  hardened  paper  and 
then  rendered  isotonic. 

IV.  The  supernatant  fluid  was  rendered  isotonic  and  then  filtered 
through  a  Berkefeld  candle. 

Haemolysis  of  0-5  c.c.  sensit.  red  cell  emulsion  after  1  hour  at  37° 
and  15  hours  at  room  temperature.  AB  dose  =  0-005  c.c,  the  total 
volume  in  each  tube  being  2-5  c.c. 
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I     I    Only  a  slight  dimness  occurs, 
the  liquid  being  almost  clear . 

Exp.  7  shows  that  a  Berkefeld  filtered  E-piece  is  rendered  incapable 
of  giving  an  haemolytic  effect  with  M-piece.  The  filtration  removes 
about  all  the  pseudoglobulins,  which  the  albumin  fraction  contains, 
while  the  filtration  through  paper  does  not  affect  the  pseudoglobulins. 
This  is  demonstrated  by  the  effect  of  half  saturation  with  sulphate  of 
ammonium.  In  connection  with  this  it  is  of  interest  to  note  that 
Browning  and  Mackie  (1914)  found  recently  that  the  pseudoglobulin 
represents  the  main  factor  as  far  as  the  complementing  haemolytic 
power  of  a  serum  is  concerned. 

In  regard  to  the  filtration  of  the  isolated  M-piece,  Exp.  6  shows 
that  already  without  the  presence  of  sufficient  salts  the  euglobulins, 
being  in  suspension,  are  retained  in  the  filter.  Only  a  very  minute 
portion  passes  with  the  diluted  serum,  probably  owing  to  the  small 
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amount  of  salts  and  to  the  protecting  influence  of  the  serum  albumins. 
The  filtration  of  the  M-piece  diluted  1  :  10  in  0-85  %  saline  has  an  effect 
similar  to  that  of  the  filtration  of  the  salted  E-piece. 

Exp.  8.  M-piece  obtained  by  the  CO2  method  from  a  fresh  guinea- 
pig  serum  was  dissolved  by  0-85  %  NaCl  solution  in  1  :  10,  and  then 
filtered  through  a  Berkefeld  filter. 

Each  fraction  of  the  filtration  was  of  a  volume  of  10  c.c. 

Haemolysis  of  0-5  c.c.  filtrate  —  0-5  c.c.  yV  E-piece  +  0-5  c.c.  sensit. 
red  cell  emulsion  (AB  dose  =  0-005  c.c.)  after  1  hour  at  37°  and  15  hours 
at  room  temperature. 

,V  M-piece  Berkefeld  filtrate       I         II        III      IV        Y        YI      YII    YIII 
+  0-5  c.c.  E-piece^  ...     HHfTjQQHgjJ 

Exp.  8  shows  that  the  more  prolonged  the  filtration  the  more 
M-piece  passes  through  the  filter.  It  behaves  therefore  just  as  the 
salted  E-piece  or  the  whole  serum  under  similar  conditions. 

The  effect  of  filtration  upon  the  isolated  fractions  however  must  not 
be  taken  to  represent  what  occurs  if  the  two  mixed  together  are  filtered 
as  in  the  case  of  a  serum.  Apart  from  other  factors  the  different 
influence  upon  the  surface  tension  of  the  medium  by  the  different 
proteins  would  be  already  sufl&cient  to  vary  the  efiect  of  filtration. 

Theoretical  part. 

In  attempting  to  give  an  explanation  of  all  the  phenomena  observed 
in  the  Berkefeld  filtration  of  serum  it  must  be  remembered  that  the 
filtration  consists  of  several  difierent  processes,  namely  : 

1.  The  mechanical  retention  of  particles. 

2.  The  adsorption  on  the  filter  material,  in  so  far  as  surface  tension 
is  concerned. 

3.  The  phenomena  caused  by  the  movement  of  the  liquid  in  the 
capillaries  of  the  filter  causing  either  anomalous  adsorption  or 
coagulation. 

The  mechanical  retention  of  particles  occurred  in  the  above  described 
experiments  only  when  the  euglobulin  was  in  suspension.  It  is  however 
easy  to  demonstrate  by  means  of  an  ultramicroscope  the  presence  of 
many  particles  in  the  filtrate  which  escaped  retention,  but  in  view  of 
the  relatively  large  size  of  the  Berkefeld  filter  pores  (J.  A.  Craw,  1908) 
this  is  to  be  expected.     It  is  also  possible  that  in  using  a  dry  filter 
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the  rushing  of  the  liquid  in  the  capillaries  is  so  great  that  suspended 
particles  may  be  carried  through  capillaries  which  otherwise  would  hold 
them  back.  This  is  shown  by  Grenet  (1910)  to  occur  in  the  case  of 
filtration  of  bacteria.  On  the  other  hand,  some  of  these  small  particles 
may  consist  of  the  filter  material  which  appear  especially  when  new 
filters  are  employed. 

A  more  important  effect  upon  filtration  of  serum  is  exerted  by  the 
adsorption  of  the  Kieselguhr  surface  of  the  filter.  According  to  Gibbs' 
thermodynamic  principle  those  substances  in  the  serum  which  lower  the 
surface  tension  are  adsorbed.  These  latter  are  principally  the  serum 
proteins,  the  albumins  and  the  globulins.  F.  Bottazzi  (1912),  M.  J. 
Gramenitzky  (1913)  and  other  authors  have  shown  that  the  serum 
albumins  as  well  as  the  serum  globulins  lower  the  surface  tension  of 
water,  but  the  latter  in  a  lesser  degree.  This  may  be  the  reason  for  the 
protective  influence  which  the  albumins  have  upon  the  stability  of  the 
dispersity  of  the  globulins.  I  give  below  some  data  showing  the  influence 
of  the  Berkefeld  filtration  upon  the  surface  tension  of  the  filtered  liquid. 
The  figures  represent  the  number  of  drops  given  by  a  stalagmometer  of 
Traube,  and  calculated  as  mentioned  in  my  former  paper  (this  Journal, 
1913,  p.  316). 

Table  showing  influence  of  Berkefeld  filtration  upon  S.T. 

.    Dist.  water  ...  ...  ...  ...  ...  ...  ...     100-0 

M-pkce  diluted  1  :  10  with  0-85  'V„  NaCl       ...  ...  ...  ...     102 -16 

,,  ,,  ,,  ,,  filtered  through  Berkefeld  filter     lOO-J? 

E-piece  Untreated  Filtered  through  Berkef. 

diluted  1  : 4,  not  isotonic  ...  ...         104-.S()  102-41 

„       1:8,         ,,  ...  ...         102-77  100-76 

1  :  10,  isotonic  ...  ...         104-9-5  102-51 

Serum  diluted  1 :  10  with  0-85  %  NaCl  Aqu.  dist. 

„      untreated  ...         103-67  101-57 

„      heated  i  hour  at  56°  C.    ...  ...         106-87  106-38 

,,      filtered  through  Berkefeld  filter  ...         103-06  100-56 

The  table  shows  clearly  that  substances  which  lower  the  surface 
tension  are  kept  back  by  filtration,  thus  producing  a  higher  surface 
tension  of  the  filtrate. 

There  are  however  other  substances  in  the  serum  which  lower  the 
surface  tension.  Apart  from  the  haemoglobin  which  according  to 
Iscovesco  (1911)  lowers  the  surface  tension  of  water,  but  the  presence 
of  which  in  the  serum  can  be  avoided,  there  are  the  pigments  and  the 
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lipoids  of  the  serum  as  well  as  salts  of  fatty  and  gallic  acids  (J.  Traube, 
1908).  The  usual  method  of  preparing  a  serum  albumin  by  means  of 
salting  out  with  the  sulphate  of  ammonium  involves  the  pigments  and 
the  lipoids,  the  pigments  coming  down  mainly  with  the  albumin.  It 
is  therefore  a  matter  of  doubt  whether  the  relatively  large  decrease  of 
surface  tension  produced  by  the  serum  albumins  is  not  at  least  partly  due 
to  the  accidental  presence  of  these  substances,  the  more  so  as  Iscovesco 
(1910)  found  that  pure  egg  albumin  even  increases  the  surface  tension 
of  water.  It  would  be  of  interest  if  egg-  and  serum-albumin  are  really 
different  in  their  effect  upon  surface  tension.  That  these  serum  pig- 
ments are  readily  adsorbed  follows  from  the  observation  that  the  first 
parts  of  the  filtrate  are  colourless ;  the  serum  colour  reappears  with 
further  filtration. 

As  far  as  my  experience  is  concerned,  I  agree  with  the  statement  of 
Bottazzi,  that  the  serum  albumins  lower  the  surface  tension  of  water 
(H.  Schmidt,  1914).  The  albumins  therefore  tend  to  become  adsorbed. 
If  the  serum  has  previously  been  heated,  it  has  been  shown  by  Traube, 
M.  J.  Gramenitzky,  L.  Berczeller,  H.  Schmidt  and  others,  that  a  well- 
marked  decrease  of  surface  tension  occurs.  According  to  L.  Berczeller 
(1913)  this  loss  of  surface  tension  is  due  to  the  production  of  albumoses 
and  peptone. 

From  these  observations  it  is  easy  to  understand  that  a  preliminary 
filtration  of  a  thermo-inactivated  serum  (Muir  and  Browning)  or  of 
peptone  (Holderer,  1912)  facilitates  the  filtration  of  serum.  Adsorption 
of  the  albumins  diminishes  their  protective  influence  upon  the  dispersity 
and  the  solubility  of  the  euglobulins.  The  dispersity  especially  of  the 
euglobulins  is  decreased  and  as  a  consequence  their  filtrability  is  also 
decreased.  But  this  may  not  be  the  only  cause  of  the  retention  of  the 
euglobulins.  According  to  recent  work  of  H.  Chick  (1913)  the  globulins 
form  soluble  compounds  with  the  salt  (NaCl)  which  are  electrically 
neutral.  As  there  is  adsorption  of  the  ions  of  the  dissociated  salts  in 
the  serum  during  filtration,  as  will  be  explained  later,  the  globulin  salt 
compounds  tend  to  dissociate  and  become  electrically  charged,  which 
renders  them  liable  to  anomalous  adsorption.  Quantitatively  the 
amount  of  euglobulin  in  the  serum  is  comparatively  very  small,  and  there- 
fore its  partial  removal  alters  the  mass  relations  of  the  proteins  far  more 
than  a  removal  of  a  corresponding  part  of  the  albumins  or  the  pseudo- 
globulins.  This  may  help  to  explain  the  E-piece  action  of  a  Berkefeld 
filtrate. 

In  order  to  explain  the  influence  of  salts  upon  filtration  through 
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a  Berkefeld  filter  I  would  like  to  draw  attention  to  a  phenomenon,  first 
described  many  years  ago,  but  so  far  as  I  am  aware  not  yet  taken  into 
account  in  the  filtration  of  serum. 

Quincke  (1861)  observed  that  in  passing  a  liquid  through  a  capillary 
tube  a  potential  difference  occurs  between  the  capillary  wall  and  the 
liquid.  Helmholtz  (1879)  found  an  expression  for  the  electromotive 
force  thus  developed  according  to  which  it  is,  apart  from  other  relations, 
directly  proportional  to  the  hydrostatic  pressure  and  inversely  pro- 
portional to  the  viscosity  and  the  electric  conductibility  of  the  liquid  in 
question. 

This  has  been  confirmed  later  by  J.  Perrin  (1904,  1905,  1906). 
Fr.  Fichter  (1911)  and  N.  Sahlbohm  (1910)  drew  attention  to  this 
phenomenon  in  explaining  the  precipitation  which  colloids  with  electro- 
positively  charged  particles  undergo,  when  passing  through  capillaries, 
the  diameter  of  which  does  not  exceed  0-15  mm.  N.  Sahlbohm  demon- 
strated this  phenomenon  to  be  a  consequence  of  the  movement  of  the 
liquid  through  the  capillary  and  to  be  independent  of  the  nature  of  the 
material  of  the  capillary  walls.  Where  there  is  no  movement  only 
adsorption  takes  place.  The  movement  of  the  liquid  produces  a  negative 
charge  of  the  wall  against  the  water,  while  in  the  case  of  electro-positively 
charged  colloids,  the  colloidal  particles  are  positively  charged  against 
the  water  as  their  dispersion  medium.  If  the  potential  difference  thus 
produced  be  large  enough  to  overcome  the  positive  charge  of  the  particles 
the  latter  lose  their  charge  and  owing  to  surface  tension  aggregate  and 
precipitate. 

Now  the  unsalted  E-piece  obtained  by  dilution  with  water  and 
acidifying  with  COg  has  a  distinct  acid  reaction  and  the  protein  particles 
in  it  are  therefore  positively  charged  (W.  Pauli).  It  seems  to  me  very 
probable  that  such  an  E-piece  being  an  electro-positive  colloid  is  to  a 
large  extent  precipitated  in  the  small  capillaries  of  the  filter  and  therefore 
not  able  to  pass  through  a  Berkefeld  filter  (cf.  Exp.  5). 

On  the  other  hand,  it  is  possible  to  assume  that  negatively  charged 
protein  particles  will  show  a  tendency  to  be  repulsed  by  the  negative 
charge  of  the  Kieselguhr  surface.  This  occurrence  would  inhibit  the 
adsorption  process  and  facilitate  the  passage.  Positively  charged 
particles  would  however  show  a  tendency  to  adsorption,  and  the  greater 
this  potential  difference  the  greater  would  be  this  tendency,  but  in  the 
course  of  adsorption  the  potential  difference  is  decreasing  owing  to  the 
neutralising  effect  of  the  adsorbed  particles  and  with  that  the  adsorption 
decreases  as  well,  till  finally  no  more  adsorption  takes  place. 
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The  presence  of  electrolytes  such  as  NaCl  influences  the  phenomenon 
in  the  following  manner  :  the  NaCl  is  dissociated  ;  its  kation  tends  to 
neutralise  the  electric  charge  of  the  filter  surface.  This  causes  a  decrease 
of  the  potential  difEerence  and  therefore  less  repulsion  of  negative 
particles  and  less  attraction  or  adsorption  of  positive  particles.  The 
influence  of  NaCl  consists  therefore  in  facilitating  the  adsorption  of 
negatively  charged  particles  and  in  diminishing  the  adsorption  of  positive 
particles.  This  is  in  analogy  with  the  anomalous  adsorption  of  dyes 
on  filter  paper  described  by  W.  M.  Bayliss  (1906)  and  may  explain  the 
results  of  Exp.  5. 

It  must  however  also  be  remembered  that  the  addition  of  salts 
decreases  a  little  the  viscosity  of  proteins  (W.  Pauli),  and  increases  the 
electric  conductibility  to  a  large  extent.  This  latter  factor  will  therefore, 
according  to  Helmholtz's  formula,  diminish  the  electromotive  force 
produced  by  the  movement  in  the  capillaries,  and  in  this  way  salts  tend 
to  prevent  the  precipitation  of  acid  proteins.  In  addition  to  this  the 
presence  of  salts  (NaCl)  decreases  the  degree  of  acidity  and  therefore 
the  positive  charge  of  the  particles  in  an  acid  protein  solution  (H.  Chick 
and  C.  J.  Martin,  1913). 

Finally  I  would  like  to  draw  attention  to  some  experiments  made  by 
Holderer  because  these  experiments,  in  spite  of  being  made  with  Cham- 
berland  candles,  verify  to  some  extent  the  above  described  conceptions. 

M.  Holderer  (1909,  1910)  and  M.  Holderer  and  G.  Bertrand  (1910) 
found  that  many  ferments  which  do  not  pass  a  Chamberland  filter  if  in 
a  medium  neutral  to  methylorange  (H'=  10~*"^)  will  promptly  do  so  if  the 
acidity  is  reduced  to  the  neutral  point  of  phenolphthalein  (H'=  10 "^•^). 
By  the  addition  of  neutral  salts  however  Holderer  (1910)  succeeded  in 
filtering  the  ferments  even  if  the  medium  was  only  neutral  to  methyl- 
orange. 

Summary. 

In  the  Berkefeld  filtration  of  a  fresh  guinea-pig  serum,  adsorption 
on  the  filter  surface  takes  place,  and  the  serum  passes  unaltered,  if  the 
saturation  of  the  adsorbing  surface  has  become  complete. 

This  adsorption  involves  most  probably  first  the  albumins,  which 
process  then  secondly  influences  the  filtrability  of  the  globulins.  It  is 
also  shown  that  the  physical  conditions  of  the  serum  as  regards  salt 
concentration  and  dilution  as  well  as  H' -concentration  modify  the  effect 
of  filtration  to  a  large  extent. 
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THE  IDENTIFICATION  OF  THE  PATHOGENIC 

MEMBERS  OF  THE  TYPHOID-COLON 

GROUP  OF  BACILLI. 

By   J.    HENDERSON    SMITH,    M.B.,    Ch.B.Edin., 

LISTER  INSTITUTE  OF  PREVENTIVE  SIEDICINE,   LONDON. 


Every  year  an  immense  amount  of  work  is  done  in  tbis 
country  on  the  isolation  and  examination  of  organisms 
belonging  to  the  typhoid-colon  group  of  bacilli.  Much  of 
it  is  concerned  with  the  routine  examination  of  water,  but 
a  considerable  proportion  is  directly  concerned  with  the 
examination  of  excreta,  and  in  many  laboratories  an 
extensive  experience  has  been  gained  of  satisfactory 
methods  of  isolating  and  identifying  the  important 
patliogenic  members  of  the  group.  This  year,  however, 
war  conditions  have  brought  about  an  enormous  expansion 
in  the  amount  of  such  work,  and  at  the  same  time  excep- 
tional urgency  for  its  rapid  execution.  Partly  as  a  result 
of  this,  there  are  already  engaged  in  the  examination  of 
excreta  many  workers  whose  previous  bacteriological 
experience  has  been  mainly  concerned  with  other  depart- 
ments, and  who  have  not  hitherto  had  to  deal  with  the 
routine  examination  of  large  quantities  of  such  material ; 
and  their  number  is  likely  to  increase  still  further,  as  we 
must  anticipate  a  large  and  progressive  increase  in  the 
volume  of  work  w'ith  the  arrival  and  continuance  of  the 
hot  weather.  Such  men  have  not  the  time  to  look  up 
the  recorded  experience  of  others,  and  perhaps  not  always 
the  opportunity  to  consult  those  whose  previous  work  has 
made  them  niore  familiar  with  the  best  methods  to  adopt. 
It  is  hoped  that  the  present  paper  may  be  of  service  to 
them,  based  as  it  is  not  only  on  the  literature  but  also  on 
the  very  large  experience  of  this  Institute  for  many  years 
past,  both  in  the  identification  of  the  pathogenic  organisms 
and  in  the  rapid  examination  of  large  quantities  of 
material. 

The  typhoid-colon  bacilli  are  all  Gram-negative  rods 
which  grow  freely  on  ordinary  media  at  20^-37°  C.  and  do 
not  form  spores,  and  they  are  subdivided  into  two  main 
groups,  according  to  their  action  on  lactose.  Those  which 
ferment  lactose,  producing  from  it  acid  with  or  without 

[232;  1.5] 


B 


C 


toituatiou  of  gas,  are  labelled  Avith  tlie  general  name  of 
B.  coli,  and  do  not  concern  us  further  here.  Thej-  are 
practically  ubiquitous,  and  many  of  them  are  pathogenic 
in  certain  regions  or  under  certain  conditions,  but  they  do 
not  produce  epidemic  disease  with  predominantly  intes- 
tinal symptoms.  The  lactose  non-fermenters  are  again 
divisible  into  two  main  groups  by  their  action  on  gelatin. 
The  gelatin  liqueliers  pass  into  the  great  group  of  B.protens 
(some  of  them,  like  B.  coli,  occasionally  pathogenic),  and 
with  these  also  we  are  not  further  concerned.  All  the 
organisms  of  the  group  recognized  as  regularly  producing 
epidemic    intestinal    disease   are    included    amongst    the 

^  lactose  non-fermenters  and  gelatin  non-liquefiers. 

B  The  application  of  these  two  tests  excludes  the  great 

majority  of  the  organisms  which  belong  to  the  colon- 
typhoid  group,  and  the  first  elimination  is  largely  effected 
by  the  addition  of  lactose  and   a  suitable  indicator  to  the 

-  medium    on    which    the   material    is   plated   in   the   first 

—  instance.     Thus  in  MacConkey's   medium    any   organism 
Q  which   has   produced    acid   from    the    lactose   affects  the 

neutral    red    in   the    medium,   and    t!je   colonies   are    red, 
lactose  non-fermenters  reiiiaining  colourless.     But  there  is 
t  a  source  of  fallacy  in   the  primarj"  subdivision  which  must 

I  be  continually  kept  in   mind.     There  is  a  fair!}-  extensive 

Q  group  of  organisms  which  are  really  akin    to  the  lactose 

^  fermenters  but  do  not  ferment  lactose  in  the  first  few  days 

of  growth.     After  an  interval  of  pex'haps  as  long  as  six  to 
I  seven  days'  growth  on  the  sugar  they  produce  descendants 

I  whicl'i  do  ferment  it,  but  in  the  first  period  they  are  lactose 

_  non-fermenters.     In  practice  one  must  include  in  the  first 

selection  these  late  lactose  fermenters  along  with  the  non- 
fermenters.     Before  the  final  diagnosis  is  made  they  will 
have  declared   themselves,  and  if  it   is   realized  that  the 
I  first  selection  has   not  been  absolutely  exclusive   of    all 

B.  coli,  they  rarely  cause  serious  trouble  in  the  subsequent 
,  jirocedure. 

This  difficulty  of  variable  characteristics  is  one  which 
^  runs   through   the  whole  of  bacteriological  classification. 

1  The  classification  is  based  on  certain  characters,  which  in 

this  group  consist  of  behaviour  towards  certain  substances 
,  (carbohydrates,    gelatin,    milk,    etc.)    and    of    serological 

reactions.     Probably  none  of   the  characters  of  any  par- 
ticular   orgauism   is   so   absolutely   fixed    that   it  cannot 
possibly     be    altered.      The    dLfficulty,    however,    is,    so 
(  far  at  least  as  is  known  at  present,  only  occasionally  a 

^  practical   one.     It  may  be  and  is  possible  under  certain 

conditions  to  induce  a  typhoid  bacillus  to  ferment  lactose, 
*■  or  to  breed  a  Gaertner  bacillus  which  does  not  produce  gas 

i  from  glucpse ;  but  in  clinical  typhoid  or  Gaertner  infections 

the  one  is  not  in  fact  a  lactose  fermenter,  and  the  other 
produces  gas,  and  in  the  practical  conditions  of  the  present 
^  time  any  organism  which  does  not  conform  to  the  char- 

'  acters  described  may  be  rejected  as  not  one  of  the  known 

pathogenic  members  of  the  group.     (The  only  exception 
'  which  is  perhaps  worth  mention  here  is  in  the  case  of 

B.  ]}aratyphosu8  A.     This  organism  normally  produces  gas 


from  the  carbohydrates  it  ferments,  but  occasionally  tbe 
production  of  gas  is  verj'  slight  or  absent  on  some  or  all  of 
them.  Suspicion  will  be  aroused  by  the  fact  that  acid  is 
produced  only  in  the  sugars  attacked  b}'  tlie  typical 
bacillus,  especially  if  gas  is  present  in  one  or  more  of  them, 
and  an  agglutination  test  will  settle  the  point.) 

The  genuine  lactose  non-fermenters  and  gelatin  non- 
liquefiers,  then,  are  the  important  group,  and  of  these  a 
table  is  given.  This  explains  itself.  No  attempt  has 
been  made  to  make  it  exhaustive  or  stiictly  sj'stematic. 
It  is  intended  only  as  a  guide  in  practical  work,  and  is  in 
fact  coustructed  in  accordance  with  the  steps  recommended 
for  actual  procedure  later  on;  but  it  contains  all  the 
diagnostic  characters  recjuired  for  the  recognition  of  the 
pathogenic  bacteria,  whatever  the  system  of  clas^ilication 
adopted.  In  two  instances,  namely,  the  mannite  fer- 
menting group  of  dj'sentery  bacilli  and  B.  paratijpliosiis  B, 
further  subdivisions  are  frequently  recommended.  These 
have  not  been  included  in  the  table,  because  no  result  of 
immediate  practical  importance  is  gained  thereby,  but  they 
require  some  notice. 

Mannite  Fermenting  Dysentery  Bacilli. — This  is  a  group 
where  classification  presents  exceptional  difficulties.  In 
the  case  of  infection  with  typhoid,  Gaertner,  or  the  other 
pathogenic  bacilli  of  the  typhoid-colon  type,  we  have  to 
deal  with  organisms  which  present  a  fairly  detiuite  and 
uniform  combination  of  characters.  But  in  the  dysentery 
due  to  mannite-fermenters  such  uniformity  does  not  exist. 
They  are  all  non-motile  and  all  produce  acid  on  mannite, 
and  of  course  they  do  not  ferment  lactose  or  liquefy 
gelatin,  but,  beyond  this,  uniformitj'  either  of  cultural  or 
serological  characters  ceases.  In  different  epidemics  the 
causal  organisms  may  conform  completely  to  a  recognized 
type,  such  as  Flexuers  original  bacillus,  or  they  may 
differ  in  one  or  more  particulars  from  any  of  the 
types  previously  established.  Under  such  circumstances 
detailed  subclassification  is  of  no  value  for  our  purpose 
here.  If  a  table  were  construt-ted  subdividiug  into 
groups  by  the  successive  application  of  different  tests,  it 
would  have  a  certain  value  in  systematic  differentiation, 
and  the  separation  of  a  subgroup,  that  of  B.  dysenteriae  Y, 
by  the  use  of  maltose  has  become  in  some  sort  classical. 
But  even  the  academic  value  of  such  differentiation  is 
doubtful  because  of  the  uncertainty  whether  these 
organisms  are  stable  in  the  characters  they  are  found  at 
one  time  to  possess  or  may  not  change  in  one  character  or 
another  from  time  to  time.  The  system  adopted  in  the 
table  is  to  regard  all  organisms  which  are  agglutinated  by 
Y  serum  as  possible  causes  of  dysentery.  B.  dysenteriae  Y 
is  an  organism  very  closely  related  to  Flexner's  bacillus, 
from  which  it  differs  in  the  fact  that  it  does  not  ferment 
maltose  at  the  time  of  isolation,  and  in  its  variable  pro- 
duction of  indol.  Serum  prepared  with  it  is  found  to 
agglutinate  all  the  tested  strains  of  clinically  pathogenic 
bacilli  except  the  bacillus  of  Strong.  It  also  agglutinates 
a   number    of    organisms    agreeing   with   the   pathogenic 


bacilli  iu    the  nianuite   aud   nou-niotilitj'  characters,   but 
4  difforiuu;  from  them  all  in  oue  or  more  respects  when  other 

tests  are  applied,  and  not  yet  found  in  association  with 
clinical  dysentery.  These  minor  differences  are  not  suffi- 
cient, in  view  of  the  want  of  uniformity  iu  the  known  patho- 
genic bacilli,  to  justify  their  exclusion  from  the  dysentery 
.  organisms,  and  any  organism  agglutinating  with  Y  serum 

should  be  regarded  as  a  potential  cause  of  the  disease. 
■~  Strong's  bacillus  is  of  rare  occurrence.  It  has  apparently 

been  isolated  in  only  one  epidemic  hitherto  (in  tiie  Philip- 
p  pine  Islands),  and  can  only  be  finally  identified  by  use  of 

p  a  serum  prepared  from  auotiier  strain  of  the  same  organism  ; 

but  it  should  be  looked  for,  and  its  characters  are  given  in 
^  the  table. 

B.  i)aratyijhosus   B. — It  is  claimed  by  several  English 

p  and   some  foreign  workers  that  a  distinction   is   possible 

between  this  bacillus  and  an  organism  isolated  from  attacks 

of  food  poisoning.     This  bacillus,  which,  is  known  under 

~  various  names,  as  B.  suipestifer,  B.  aertrijch,  etc.,  agrees 

C  iu    cultural   and   ordinary   agglutination   characters   with 

C  paratyphoid  B,  and  is  considered  by  many  authorities  to  be 

r  identical  with  it ;  but  a  distinction  is  said  to  be  possible  by 

means  of  the  absorption  technique.     This  procedure,  how- 

'  ever,  can  scarcely  be  carried  out  iu  the  routine  examina- 

(.  tion  of  excreta  on  a  large  scale,  and  certainly  not  by  those 

(  who  are  inexperienced  in  such  work. 

-I  Agglutination   tests  may   be   performed   microscopically 

or  macroscopically.     The  latter  method  is  to  be  preferred. 

■'  It  takes  little  or   no  more  time  to  make  the  j^reparations, 

makes  subsequent   examination  easier  and  more  definite, 

aud   allows   a    final   examination  to  be   made   even    after 

twenty-four  hours  without  the  risk  of  drying.     The  test 

serums  should  be  used  in  high  dilution  in  salt  solution,  at 

least  1  in  500,  and  preferably  1  in  1,000.     Proper  controls 

are  essential.    Spontaneous  agglutination  is  not  uncommon 

1  in    this    group — for    example,    especially    with    B.  jicvra- 

7  fijphoHiifi  B.    It  should  be  remembered  that  with  dysentery 

bacilli  the  processes  of  agglutination  usually  proceed  much 

more  slowly  than  is  the  case  with  typhoid,  and  even  with 

strong  immune  serum  it  is  advisable  to  wait  several  hours 

]  before  deciding  that  a  test  is  negative. 

Method  of  Procedure. 
This  must  vary  according  to  the  circumstances  of  the 
<  worker,  the   pressure  on  his  time,  the   extent   of   equip- 

•  ment,  the  quantity  of  material  to  be  examined,  the  hour 

of  its  arrival  aud  so  on,  and  must  be  luodified  to  suit  the 
individual.  The  method  first  given  below  is  that  recom- 
mended as  desirable  wherever  jjossible.  It  gives  a  reason- 
ably complete  examination  of  the  material,  and  will  lead 
to  the  discovery  of  pathogenic  organisms  if  present  in  as 
great  a  percentage  of  cases  as  is  practically  attainable. 
It  involves  a  considerable  but,  except  in  periods  of  great 
stress,  quite  practicable  expenditure  of  time  and  material 
on  the  first  day  of  isolation  of  the  colonies.  By  concen- 
trating the  greater  proportion  of  the  work  on  each  sample 


Table  I. 


A 


Non-Fermenting. 
II 
Gelatin. 


Liquefying. 
B.  proteus  Group. 


No  Change. 
(Pathogenic:  B.  dysenteriae  Shiga,  Morgan  No.  1.) 

I! 

Glucose. 


No  Change. 
None  pathogenic. 
B.  alcaligines 
Group. 


Acid  Only. 

II 
Shiga  Sebum. 


Positive. 
B.  dysenteriae 
Shiga. 
Other  Characters  : 

1.  Non-iuotile. 

2.  .\cid, followed  by 

alkali  in  uiilk. 

3.  No  change  in 
saccharose,  dul- 
citefor  sorbite). 

4.  No  indol. 


Negative. 
None 
patho- 
genic. 


I 
Acid  and  Gas. 
Only  pathogenic  or- 
ganism is  ^lorgan 
No.  1. 
Other  Characters: 

1.  Ferments  no 
other  carbo- 
hydrates (ex- 
cept galactose 
and  levulose). 

2.  Produces  indol. 

3.  Acid,  followed 
by  alkali,  in 
milk. 

4.  Motile. 


(Pathogenic 


Motile 
(Tj-phoid). 


Typhoid  Serum. 

I 


I 
Positive. 
B.  ty2)hosiis. 
Other  Characters  : 

1.  Permanent  acid 
in  milk. 

2.  No  indol. 

3.  No    change     in 
saccharose. 

4.  Acid  in  glucose 

(and  sorbite). 


Negj 

(Vide  t 

inagg 

ables 


Other  Ch 

Fiexn! 

1.  AcidI 

in  ui 

2.  No  cl 

dulil 

3.  Prod 

4.  Acid 
[B.  (ii/j 

fermc 
prodi. 


B.  dysenteriae  Shiga 
Morgan's  bacillus.  No.  1 

B.  typhosus  

B.  dysenteriae  Flexner 
B.  dysenteriae  Y   ... 
B.  dysenteriae  Strong* 
B.  paratyphosus  A 
B.  paratyphosus    B 
B.  enteritidis  Gaertner 


0 

0 

A 

A 

A 

A 
AG 
AG 
AG 


A 

0 

AG 

0 

A 

0 

A 

0 

A 

0 

A 

A 

AG 

0 

AG 

0 

AG 

0 

0 

0 

0 

or  late  A 

0 

0 

A 
AG 
AG 
AG 


0 

0 

A 

A 

0 

A 
AG 
AG 
AG 


X 


0 

0 

A 

0 

0 

A 
AG 
AG 
AG 


A  =  Acid  only  ;  A  G  =  acid  anc 
'  There  is  some  uncertainty  as  to  the  characters  of  B.  dysentt 


BACILLI. 


Fermenting. 
B.  coli  Group. 


•pe  of  dysentery.) 


Acid  and  Gas. 
(Pathogenic :  Paratyphoid-Gaertner.) 


Cane-Sugab. 


i-motile 
tery  Group). 


Sebum. 


Negative. 

Only  pathogenic 

organism  is 

JB.  dysenteriae 

Strong  (vide  text). 

Other  Characters : 

1.  Acid  in  sacchar- 
ose, glucose,  dul- 
cite  and  sorbite). 

2.  Produces  indol. 

3.  Acid,  followed 
by  late  clot,  in 
milk. 


xt.) 


Paratyphoid  A 
Serum. 
B.  paraty2]hosus  A. 
Other  Characters  : 

1.  No  indol. 

2.  Motile. 

3.  Acid  permanently 
in  milk. 


No  Change. 

II 

DUIiCITE. 


Acid  and  Gas. 


Salicin. 
I 


No  Change. 

II 

Agglutination. 

I 


Acid,  or  Acid  and  Gas. 
None  pathogenic. 


Acid,  or  No  Change, 
None  pathogenic. 


Acid,  or  Acid  and  Gas. 
None  pathogenic. 


i 
Paratyphoid  B 
Serum. 
B.  iJaratt/ijhosus  B. 
Other  Characters: 

1.  No  indol. 

2.  Motile. 

3.  Acid,  followed  by 
alkali,  in  milk. 


I 

Gaertner  Serum. 

Gaertner's  bacillus. 

Other  Characters  : 

1.  No  iudol. 

2.  Motile. 

3.  Acid,  followed 
by  alkali,  in 
milk. 


1^ 

K 
o 

a 

CD 

o 

H 
O 

S5 

s 

m 
O 

to 
o 

2 

HI 

< 

a 

i 

o 
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HI 
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■< 

H 

2 

z 

n 
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H 

o 

B 

o 

> 

a 

K 

o 

<! 
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H 

(H 

X 

sc 

< 

r^ 

c 

P3 

< 

S 

s 

J 

«= 

^ 

O 

Q 

< 

< 

a 

< 

M 

o 

0 

A 

A 

0  or  SI.  A 

0 

0 

0 

SI.  A 

+ 

AG 

AG 

0 

0 

0 

0 

0 

0 

+ 

A 

A 

A 

0 

0 

0 

A 

0 

0 

0  orA 

A 

0 

A 

A 

A 

0 

0 

A 

A 

0 

0 

0 

0 

0 

A 

A 

A 

0 

0 

A 

A 

0 

0 

0 

0 

0 

A 

A 

0 

0 

0 

A 

A 

0 

0 

A 

0 

+ 

AG 

AG 
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AG 
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0 

+ 

AG 

AG 

0 

AG 

0 

0 

0 

+ 

AG 

AG 

0 

AG 

0 

0 

0 

1;  C=clot;  Alk  =  Alkali. 

ulated  areas  given  by  Morgan,  Journ.  of  Hyg.,  1911,  vol.  xi,  p.  1. 


or  batch  of  samples  on  the  day  succeeding  their  receipt, 
it  greatly  lightens  the  subsequent  labour  and  clears  the 
way  for  the  investigation  of  subsequent  samples.  In 
circumstances  of  great  urgency  or  pressure  full  examina- 
tion may  not  be  possible.  An  abbreviated  technique  must 
then  be  adopted,  but  this  involves  missing  a  number  of 
cases  discoverable  by  the  fuller  method.  Such  abbreviated 
methods  are  given  below. 

1.  Plate  the  suspected  material  on  MacConkey's  medium 
(bile-salt  neutral-red  lactose  agar),  and  incubate  at  37^  for 
at  least  eighteen  hours.  If  no  colourless  colonies  are 
present  by  that  time,  replace  in  incubator  for  twenty-four 
further  hours  and  examine  again. 

2.  Colonies  must  be  selected  from  uncrowded  parts  of 
the  plates.  It  is  best,  until  experience  has  been  gained,  to 
select  colonies  differing  in  appearance.  Pick  off  five 
colourless  colonies  and  emulsify  each  in  a  few  drops  of 
sterile  broth.  If  time  allows  subsequent  inoculation  of 
the  sugars,  etc.,  the  same  day,  incubate  the  broth  emulsions 
for  two  to  three  hours  before  proceeding ;  if  not,  proceed 
at  once  to  inoculate  from  each  emulsion  a  set  of  eight 
tubes,  containing  mannite,  glucose,  saccharose,  dulcite, 
broth,  litmus  milk,  gelatin,  lactose.  Grow  the  gelatin  at 
room  temperature,  the  others  at  37°. 

3.  After  twenty-four  hours  proceed  to  provisional 
diagnosis.  If  all  colonies  have  given  identical  results,  it 
is  unnecessary  to  examine  further  more  than  two  ;  if  the 
results  differ,  specimens  of  each  kind  must  be  considered. 

Provisional  Diagnosis. 

Reject  all  organisms  fermenting  lactose  or  liquefying 
gelatin.  The  remainder  fall  into  three  groups  according 
to  their  action  on  mannite. 

A.  No  Change  on  Mannite. 

The  only  important  organism  here  is  B.  dysenteriae 
Shiga,  and  its  identification  may  be  completed  almost 
at  once.  Morgan's  No.  1,  an  organism  frequently 
associated  with  epidemic  summer  diarrhoea,  should 
also  be  looked  for. 

No  Change  on  Glucose  excludes  Shiga ;  such  an 
organism  is  probably  B.  alcaligenes  (and  may  be 
definitely  diagnosed  if  the  milk  is  already  alkaline, 
and  no.  change  has  occurred  in  the  saccharose  and 
dulcite  tubes). 

Acid  on  Glucose  loithout  Gas  :  makes  Shiga 
probable,  ijractically  the  only  other  possibilities 
being  some  members  of  the  alcaligenes  group  and 
some  water  bacilli.  Reject  any  organisms  which 
have  fermented  saccharose  or  dulcite,  and  test  the 
others  with  Shiga  serum.  Negative  result  ex- 
cludes, positive  result  identifies,  Shiga  ;  confirm 
by  absence  of  motility  on  the  broth  tube. 

Acid  and  Gas  on  Glucose :  without  change  on 
saccharose  or  dulcite  makes  Morgan's  No.  1 
probable  ;  confirm  by  presence  of  motility. 


There    rcmaius  for    subsequent    examination   in  this 
■«  section  only  the  conttrmation  of  organisms  identified 

provisionallj'  as  Shiga. 

B.  Acid  only  on  Mannite. 

The    imix)rtaut    organisms    here    are    B.   typhosus, 

the   group  of   dysentery  bacilli  of   Flexner  type,  and 

■A  B.  tUjsenieriac   Strong.      Inoculate  liberally  from  the 

-  broth  tube  a  second  broth  tube,  and  incubate  for  four 

to  five  hours,  and  test  for  motility.     Meanwhile  test 

with  typhoid  serum  all  strains  except  those  ferment- 

I  ing  saccharose.    Positive  result  identifies  :  confirm  the 

I  same  day  by  presence  of  motility.     Test  with  Y  serum 

.  those  which  ferment    cane   sugar   as    well    as    those 

negative  to  typhoid  serum.     Positive  result  identifies 
as  a  member  of  the  Flexner  group  ;  confirm  the  same 
1  day  by  absence  of  motility. 

Amongst    the   remaining    organisms — that  is,  those 

negative   to   both   Y   and   tjphoid  serum — there  may 

be  :   (1)  Inagglutiuable  typhoid  and  dysentery  strains  ; 

(  (2)   B.   dysenteriae   Strong.       These   cannot  be   recog- 

,  nized  without  further  time,  and  each  organism  is  to 

^  be  subcultured  daily  on  broth  meanwhile. 

(  For  subsequent  examination  in  this  section  there 

J  are    thus  :     (1)    Confirmation    of    identified    strains  ; 

(2)  the  unagglutinated  sti-ains. 

/  C.  Acid  and  Gas  on  Mannite. 

,  The    important    organisms  are  those  of  the  para- 

typhoid-Gaertner  group.      Reject  at  once  all  which 

1  have  fermented  saccharose  or  clotted  milk.     Omit  for 

the  present  (but  do  uot  yet  discard)  all  which  have 
failed  to  produce  acid  and  gas  on  dulcite.  With  the 
remainder  proceed  as  follows  :  Inoculate  a  salicin 
tube  and  add  it  to  the  set  of  eight  tubes.     Then  test 

]  each  organism  with  three  serums  in  this  order  :  Para- 

typhoid B,  paratyphoid  A,  and  Gaertuer.  Positive 
result    identifies.      Subculture    the    negative    strains 

]  daily. 

]  For  subsequent  examination  in  this  section  there 

remains  :  (1)  Confirmation  of  identified  strains  ;  (2) 
consideration  of  unagglutinated  strains  and  those 
which  had  not  fermented  dulcite. 

By  this   preliminary  examination  we  have  recognized 

within  thirty  hours  of  isolation  the  great  majority  of  the 

pathogenic  bacilli  of  the  group  and  got  rid  of  a  very  large 

^  number    of     organisms    certainly    not   pathogenic.      The 

remaining  unidentified  bacilli  may  include  B.  dysenteriae 

>  Strong,  or  inagglutinable  strains  of  the  other  pathogenic 

;  organisms.     Temporary  iuagglutinability  is  a  phenomenon 

which  while  it  occurs  in  only  a  small  proportion  of  the 

cases   is   yet   so    frequent    in    the   examination   of   large 

numbers  that  we  must  be  prepared  to  meet  it.     It  usually 

disappears  on  repeated  subculture  on  artificial  media. 

The  subsequent  examination  must  be  delayed  till  the 
result  of  the  indol  and  milk  tests  can  be  obtained.  The 
interval  should  be  six  further  days — that  is,  a  week  from 
first  inoculation  of  the  sugars,  etc.  It  must  being  always 
with  verification  of  the  lactose  and  gelatin  tests. 


Subsequent  Examination. 

A.  Xo  Change  on  Mannite. 

We  have  here  only  to  confirm  the  diagnosis  of  the 
organisms  identified  as  Shiga  and  Morgan.  B.  dysen- 
tcriae  Shiga  does  not  produce  indol,  produces  no 
change  in  mannite,  saccharose,  or  dulcite,  and  initial 
acidity  in  milk  is  replaced  by  alkali ;  it  is  non-motile. 
Morgan's  No.  1  produces  indol,  acid  followed  by  alkali 
in  milk,  acid  and  gas  on  glucose,  no  change  in  other 
carbohydrates  (except  levulose  and  galactose),  and  is 
motile. 

B.  Acid  onlij  on  Mannite. 

Confirmation  of  Previous  Diagnosis. 

1.  Tij2)hoid  Bacillus.— \cid  only  and  permanently  in 
milk,  no  indol,  no  action  on  saccharose,  acid  only  on 
mannite  and  glucose,  no  change  on  dulcite  or  late 
acidity,  motile.  (Non-motile  strains  occur,  but  are 
extremely  rare.) 

2.  Dijsentenj  of  Flexner  T//pe.— Test  for  agglutination 
with  Flexner  '  serum.  Positive  result  places  the 
organism  among  the  close  allies  of  Flexner.  Typical 
Flexner  produces  indol,  acid  followed  by  alkali  on 
milk,  acid  only  on  glucose  and  mannite,  no  change 
in  saccharose  or  dulcite,  and  is  non-motile.  For 
further  subdivision,  vide  siqrra. 

Examination  of  Unclassified  Strains. 

1.  Motile  Strains. — These  cannot  be  dysentery ;  the 
only  possibility  is  inagglutinable  typhoid.  Reject  any 
organism  whose  characters  do  not  agree  completely 
with  those  just  given  for  typhoid.  Test  the  remainder 
with  the  last  subculture  on  broth  and  typhoid  serum. 
Positive  result  identifies  definitely  ;  but  a  negative 
result  with  an  organism  of  correct  cultural  characters 
must  be  returned  as  inagglutinable  typhoid.  (Preserve 
such  strains  for  later  examination.) 

2.  Xon-motile  Strains.^Exsimine  the  last  subculture 
with  Y  serum.  Negative  result  leaves  the  possibility 
of  Strong's  bacillus  (and  non-motile  typhoid ;  note 
characters).  Reject  those  which  have  not  produced 
acid  only  on  saccharose.  B.  dysenteriae  Strong  pro- 
duces indol,  acid  on  glucose,  saccharose  and  mannite, 
and  should  give  late  clot  on  milk  {vide  supra). 

C.  Acid  and  Gas  on  Mannite. 

Confirmation  of  Identified  Strains. — All  these  pro- 
duce acid  and  gas  on  glucose,  mannite  and  dulcite,  no 
change  on  salicinand  saccharose,  fail  to  produce  indol, 
and  are  motile.  Paratyphoid  A  produces  acid  onl^' 
and  permanently  in  milk ;  Paratyphoid  B  and  Gaertner 
produce  acid  followed  by  alkali  in  milk. 

Unidentified  Strains. — Reject  all  which  have  failed  to 
produce  acid  and  gas  on  dulcite,  and  all  which  do  not 
conform  exactly  to  the  above  cultural  characters  of 
Paratyphoid  A  or  Paratyphoid  B.  Test  with  Para- 
typhoid A  serum  the  last  subcultures  of  those  agreeing 
with  Paratyphoid  A ;  and  with  Paratyphoid  B  and 
Gaertner  serum  those  agreeing  with  Paratyphoid  B. 
If  still  negative  they  are  not  to  be  identified  as  patho- 
genic, but  the  strains  should  be  preserved.  [Vide 
supra  for  subdivision  of  the  Paratyphoid B  organisms.) 
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Abbreviated  Methods. 

■*  These  all  fail  to  detect  pathogeuic  organisms  in  some 

cases  in  which  the  fuller  method  would  have  been 
successful,  aud  the  proportion  of  such  failures  is  greater 
the  more  rapid  the  method.  All  will  detect  the  greater 
number,  and  iu  periods  of  stress  it  is  better  to  examine  by 

A  a    short   method    iu   order   to   cover   a   larger  number  of 

samples.  In  all  of  them  the  first  step  is  to  plate  on 
MacConkey's    medium    and    incubate    as    before    for    at 

•r  least  eighteen  hours. 

Pick  off  five  (or  more)  colourless   colonies  direct  into  a 

1  mannite  tube  and  incubate  till  next  day.     If  the  result  is 

no  change,  or  acid  only,  in   all   tubes,  select  one  only  and 

T  proceed  as  follows,  according  to  the  action  on  mannite  ;  if 

the  results  differ,  take  one  of  each  kind  : 

((()  Xo  change.     Inoculate  a  broth  tube,  and  in  lour  to 
five   hours   test  lor  motility.     II  non-motile,  test 
(  Avith  Shiga  serum  ;  positive  result  identifies. 

f  (6)  Acid  only.     Inoculate  a  broth  tube,  and  in  lour  to 

five  hours  test  lor  motility.     II    motile,  test  with 
^  typhoid    serum ;    il    non-motile,    with    Y    serum. 

1  Positive  result    identifies  as  typhoid  or  mannite 

,  lermenting  dysentery. 

(c)  Acid  and  gas.     So  many  non-pathogenic  organisms 
^  have  this  action  that  it  is  advisable  to  inoculate 

]  all  five  organisms  into  saccharose,  dulcite,   litmus 

1  milk,  broth,  and  gelatin.     Next   day    reject    the 

organisms  which  lerment  saccharose  and  do  not 
lerment  dulcite  ;  and  test  the  others  with  para- 
typhoid B,  paratyphoid  A,  and  Gaertner  serum. 

Confirmation    of  identified    strains   may    be   carried   out. 
]  This  method  will  detect  a  high  proportion  of  the  patho- 

genic organisms.     It  misses  all  inagglutinable  strains,  and 
by   assuming   under   (a)  and   [h)   identity   of   all    the   five 
^  organisms  from  their  action  on  one  carbohydrate,  misses  a 

]  further  proportion,  and  it  delays  the  identification   of  the 

acid  and  gas  producers  for  a  further  twenty-four  hours. 
It  saves  the  considerable  expense  of  the  carbohj'drate 
examination  of  the  {a)  and  (6)  groups,  and  the  labour 
thereby  involved,  though  more  agglutination  tests  are 
necessary. 

Inoculate  five  or  more  colourless  colonies  into  broth,  and 
examine  for  motility  in  four  to  five  hours.  If  motile,  test 
with  typhoid,  Paratyphoid  B,  Paratyphoid  A,  and  Gaertner 
serums.  Clinical  information  may  help  to  determine  the 
order  of  testing.  If  non- motile,  test  with  Shiga  and 
Y  serums.  This  is  probably  the  best  method  when  the 
full  examination  is  impossible.  It  omits  more  inagglu- 
tinable strains  than  the  last,  but  is  rapid,  economical,  and 
will  detect  most  of  the  pathogenic  organisms  present. 

III. 

Test  by  agglutination  with  the  six  serums  colourless 
colonies  taken  straight  from  the  plate,  guiding  the  order  by 


clinical  information.  Examination  of  the  preparation 
directly  it  is  made  will  frequently  show  the  presence  of 
motility,  and  save  the  labour  of  examining  with  the 
dysentery  serums,  but  the  absence  of  motility  under  these 
conditions  does  not  necessarily  mean  that  the  organism 
is  non-motile.  This  method  of  examination  is  the  most 
rapid  of  all,  but  the  proportion  of  inagglutinable  strains 
missed  is  still  higher  under  these  conditions. 

Various  modifications  of  these  methods  are,  of  course, 
possible,  but  the  full  method  is  recommended  wherever 
practicable,  and  the  second  abbreviated  method  as  an 
alternative.  There  are  several  ways  in  which  the  experi- 
enced can  save  time  and  increase  the  probability  of  finding 
any  pathogenic  organisms  present.  Most  important  of 
these  is  the  initial  selection  of  likely  colonies,  and  the 
appearance  of  the  plate  is  also  of  great  assistance.  The 
use  of  large  plates  or  substitutes,  on  each  of  which  two  or 
more  samples  can  be  plated  at  the  same  time  without 
mixing,  saves  a  great  amount  of  sterilizing,  washing,  pour- 
ing, etc.  The  use  of  plates  already  warmed  on  inoculation 
increases  markedly  the  size  of  the  colonies  at  the  time  of 
examination,  and  enrichment  media  for  preliminary  incu- 
bation may  increase  the  chance  of  detecting  the  organisms 
sought.  But  modifications  of  this  kind  cannot  be  discussed 
in  this  paper,  and  must  be  left  to  the  individual  himself  to 
work  out. 
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XII.  RESEARCHES  ON  THE  INHIBITION 
PRODUCED  BY  CERTAIN  SERA  ON  THE 
COAGULATING  POWER  OF  RENNET. 

By  AAGE  christian  THAYSEN. 
From  the  Lister  Institute,  Lortdon. 

(Received  February  loth,  1915.) 

Introduction. 

Among  the  numerous  papers  of  the  last  20  years  dealing  with  the  reaction 
of  rennet  and  its  antibodies,  those  of  Morgenroth  [1899],  Korschun  [1902] 
and  Hedin  [1906,  1909]  have  been  of  particular  interest. 

In  order  to  compare  the  effects  of  enzymes  and  toxins  Morgenroth  im- 
munised goats  against  rennet  and  was  thus  able  to  make  a  rennet  antiserum, 
which  had  a  strong  inhibiting  effect  upon  the  activity  of  rennet.  That  this 
inhibiting  effect  was  due  to  antibodies,  formed  in  the  antiserum  during  the 
immunisation,  and  not  to  some  substance  in  the  normal  goat  serum,  is  demon- 
strated by  Morgenroth  in  the  following  manner.  Fresh  milk  and  milk  mixed 
with  normal  goat  serum  require  exactly  the  same  amount  of  rennet  for  their 
coagulation,  whereas  milk  mixed  wath  the  antiserum  in  the  same  proportions 
as  milk  with  normal  goat  serum  only  coagulates  in  presence  of  a  much  greater 
quantity  of  enzyme.  Before  Morgenroth's  investigations  were  carried  out, 
Hammarsten  and  Roden  [1887]  had  sho^vn  that  a  similar  inhibiting  effect 
may  be  obtained  when  milk  is  mixed  with  normal  horse  serum.  In  addition 
to  this,  Briot  [1900]  investigated  the  blood  serum  of  other  animals  and  showed 
that  the  serum  of  all  the  species  examined  had  a  more  or  less  distinct  effect 
on  the  coagulating  power  of  rennet.  In  addition  Briot  immunised  rabbits 
with  rennet  and  obtained  an  antiserum  similar  to  that  which  Morgenroth  had 
made  in  goats. 

In  later  investigations  on  the  reaction  of  rennet  and  its  antibodies  the 
preparation  of  an  antiserum  has,  however,  not  been  attempted,  because 
normal  horse  serum  has  a  strong  inhibiting  effect  on  rennet,  which  was 
supposed  to  be  due  to  a  true  antibody,  and  this  obviated  the  necessity  of 
preparing  one.     Korschun  adopts  this  view  in  his  publication  of  1902.     His 
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researches,  which  are  of  considerable  interest,  bring  him  to  the  conclusion 
that  normal  horse  serum  contains  two  substances  \^^th  inhibiting  action  on 
rennet,  one  having  a  large  range  of  action,  from  20°-37°,  and  the  other 
being  especially  active  at  37°.  Korschun  calls  this  second  substance  "  pseudo- 
antilab"  (pseudo-antirenuet). 

A  more  detailed  account  of  a  few  of  Korschun's  experiments  will  show 
what  led  him  to  accept  the  above-mentioned  theory.  In  order  to  determine 
the  coagulating  power  of  milk,  Korschun  uses  the  quantitative  method, 
introduced  by  Morgenroth,  which  is  undoubtedly  the  most  reliable  we  have. 
In  contradistinction  to  the  others,  this  method  does  not  indicate  the  coagu- 
lating power  of  the  milk  as  a  function  of  the  time  needed  for  the  coagulation 
of  a  certain  quantity  of  milk  by  a  constant  quantity  of  rennet,  but  by  the 
minimal  amount  of  the  enzyme,  which  is  sufficient  to  coagulate  this  quantity 
of  milk.  This  method,  however,  cannot  give  reliable  residts,  when  the  coagu- 
lation of  the  milk,  that  is,  the  transformation  of  the  colloid  caseinogen  into 
precipitated  casein  is  brought  about  in  the  usual  way,  i.e.  by  heating  the 
milk-rennet  complex  to  about  35°  until  the  transformation  has  taken  place. 
For  by  this  heating  a  rather  considerable  amount  of  rennet  may  be  destroyed 
without  it  having  any  effect  on  the  caseinogen.  Morgenroth's  method 
therefore  makes  the  transformation  of  the  caseinogen  take  place  at  lower 
temperatures  (0°-8°),  which  do  not  injure  the  rennet,  so  that  even  very 
small  quantities  may  remain  active  for  a  long  time.  At  the  low  temperature, 
however,  the  casein  formed  is  not  precipitated  and  it  is  therefore  necessary 
to  raise  the  temperature  of  the  milk-rennet  complex  to  about  35°,  when  all 
the  caseinogen  has  been  transformed.  At  35°  the  precipitation  takes  place 
rapidly,  often  instantaneously.  The  transformation  of  caseinogen  into  casein 
proceeds  only  slowly  at  0°-8°,  and  to  ensure  that  the  reaction  should  come 
to  an  end,  the  milk-rennet  complex  has  to  be  kept  at  low  temperature  for 
12-16  hours. 

Morgenroth's  quantitative  method  is  very  exact,  and  the  same  milk  tested 
at  various  times  always  indicates  the  same  coagulating  power,  which  is  by  no 
means  the  case,  when  this  power  is  determined  by  the  time  which  is  taken  for 
the  coagulation  of  a  certain  quantity  of  milk  with  a  constant  quantity  of  rennet. 

Korschun's  method  of  testing  the  power  of  his  serum  is  also  much  more 
rehable  than  the  methods  previously  used.  In  these  earlier  methods  various 
quantities  of  serum  and  milk  were  mixed  and  the  time  noted  which  a  certain 
quantity  of  rennet  required  for  coagulating  the  mixture  of  milk  and  serum  at 
the  optimal  temperature  of  the  reaction  (i.e.  35°).     The  inhibiting  power  of 
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the  serum  was  then  expressed  by  the  difference  between  the  time  taken  for 
the  above-mentioned  process  and  the  time  required  for  the  coagulation  of  the 
same  quantity  of  milk  without  serum  by  the  same  amount  of  rennet.  Such 
a  method,  however,  only  gives  quite  a  rough  idea  of  what  really  happens, 
because  bv  mixing  serum  and  milk,  both  these  substances  act  on  the  rennet, 
when  this  is  being  added  to  the  mixture,  and  a  part  of  the  enzyme  will  there- 
fore be  adsorbed  by  the  milk,  and  thus  rendered  incapable  of  acting  with 
the  serum.  Hedin  proved,  in  fact,  some  years  later,  that  serum  has  the 
greatest  inhibiting  effect  on  rennet,  when  the  serum  and  rennet  are  pre\'iously 
mixed,  and  milk  added  to  them  only  when  the  action  of  the  serum  has  come 
to  an  end.  The  same  way  of  testing  the  action  of  serum  on  rennet  is  used  in 
Korschun's  experiments.  Increasing  amounts  of  rennet  solution  are  added 
to  a  constant  quantity  of  serum,  and  after  this  mixture  has  been  kept  for 
1.5  minutes  at  20°,  10  cc.  of  milk  are  added.  The  samples  are  kept  all  night 
(12-16  hours)  in  the  ice  room,  and  then  moved  to  35°  in  order  to  determine 
in  which  samples  the  caseinogen  of  the  milk  has  been  transformed  into  casein. 
The  tube,  which  contains  the  greatest  quantity  of  rennet,  and  is  still  liquid, 
indicates  the  limit  of  the  inhibiting  power  of  the  serum.  The  degree  of  this 
inhibiting  power  is  given  by  the  ratio  of  rennet  used  to  the  smallest  amount  of 
enzyme,  just  sufficient  to  coagulate  10  cc.  of  the  same  milk  without  serum. 
For  example,  if  10  cc.  of  normal  horse  serum  are  able  to  neutralise  the  effect  of 
0-03  cc.  of  a  rennet  solution  on  10  cc.  of  milk,  whilst  0-0006  cc.  rennet  is 
sufficient  to  coagulate  10  cc.  of  the  same  milk  without  serum,  then  the 
inhibiting  power  of  this  serum  is  equal  to  50. 

Using  the  above-mentioned  method  Korschun  examines  the  inhibiting 
power  of  fresh  normal  horse  serum,  of  dialysed  and  of  heated  horse  serum, 
and  finds  that  dialysis  does  not  decrease  the  inhibiting  power.  By  heating 
the  serum,  however,  its  effect  is  lost.  He  shows,  moreover,  that  a  horse 
antiserum,  made  by  immunising  a  goat  against  horse  serum,  neutralises  the 
inhibiting  effect  of  the  normal  horse  serum.  From  these  facts  he  concludes 
that  the  inhibiting  effect  of  the  normal  horse  serum  is  due  to  a  true  antibody. 

Experimenting  with  horse  serum  Korschun  observed  that  this  serum 
neutralises  more  rennet  than  might  be  expected,  when  the  rennet-serum 
complex  is  kept  at  35°  or  40°  instead  of  at  20°,  and  that  the  increase  of  the 
inhibiting  power  at  37°-  40°  is  greater,  up  to  a  certain  point,  the  longer  the 
rennet-serum  mixture  is  kept  at  the  higher  temperature.  At  20°  on  the  con- 
trary no  such  increase  in  the  inhibiting  faculty  seems  to  take  place.  He 
assumes  therefore  that  in  addition  to  the  true  antibody,  the  normal  horse 
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serum  contains  a  second  inhibitory  substance,  the  pseudo-antirennet,  which  is 
only  active  at  higher  temperatures. 

As  the  dialysed  serum  does  not  show  the  greater  effect  on  rennet  at  higher 
temperatures,  which  is  shown  by  normal  horse  serum,  the  pseudo-antirennet 
must  according  to  Korschun  be  dialysable.  On  the  other  hand,  a  heated 
horse  serum  has  a  strong  inhibiting  effect  at  37°  and  no  effect  at  20° ;  the 
pseudo-antirennet  appears  therefore  to  be  highly  thermostable. 

Hedin's  researches  point  in  quite  another  direction  than  Korschun's.  In 
a  number  of  publications  he  discusses  the  inhibiting  influence  of  different 
substances  on  the  activity  of  trypsin  and  rennet.  In  regard  to  rennet  he 
points  out  that  the  intensity  of  the  inhibiting  effect  depends  on  the  order  in 
which  rennet,  serum  and  milk  are  mixed.  As  already  mentioned,  he  finds 
that  the  greatest  effect  is  obtained  when  rennet  and  serum  are  first  mixed, 
and  the  milk  added  to  this  complex,  when  the  action  of  the  serum  has  been 
brought  to  an  end.  Furthermore,  Hedin  shows  that  the  longer  the  complex 
of  rennet  and  serum  is  kept,  before  the  milk  is  added,  the  greater  up  to  a 
certain  point  is  the  amount  of  rennet  neutralised,  and  that  the  maximum 
amount  of  the  enzyme,  which  the  serum  is  capable  of  destroying  under  the 
conditions  observed,  is  different  for  different  temperatures,  the  serum  being 
more  active  at  a  higher  than  at  a  lower  temperature.  The  concentration  of 
the  serum,  however,  does  not  seem  to  have  any  influence  at  all  on  the  amount 
of  rennet  destroyed,  and  the  inhibiting  effect  therefore  is  equally  intense, 
whether  the  serum  used  is  diluted  or  not. 

Particular  interest  attaches  to  Hedin's  observation  that  charcoal  affects 
the  rennet  in  the  same  way  as  normal  horse  serum,  thus  tending  to  indicate  ■ 
that  the  inhibiting  effect  of  this  serum  is  of  a  less  complicated  nature  than  was 
supposed  by  Korschun,  and  that  it  may  possibly  be  due  to  a  single  character 
of  the  serum— its  adsorbing  quality.  The  further  question  then  arises  as  to 
whether  the  inhibiting  effect  of  the  artificially  produced  rennet  antiserum  is 
of  a  nature  similar  to  that  of  the  normal  horse  serum,  or  due  to  the  presence 
of  a  true  antibody,  formed  in  the  serum  during  the  immunisation. 

In  the  experiments  discussed  below  I  have  examined  the  inhibiting  effect 
of  normal  horse  serum,  in  order  if  possible  to  obtain  agreement  between 
Korschun's  and  Hedin's  theories,  which,  as  already  shown,  differ  in  various 
respects.  At  the  same  time  the  effect  of  the  antirennet  of  normal  horse  serum 
has  been  compared  with  the  inhibiting  power  of  the  antirennet  formed  in  a 
rabbit  serum  after  an  immunisation,  with  the  view  of  establishing  their 
identity  or  otherwise. 

Bioch.  IX  8 
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I.     Researches  on  the  Inhibiting  Substances  of  Normal 
Horse  Serum. 

(a)     The  true  antibody  of  horse  serum  and  its  mode  of  action. 

The  capacity  of  neutralising  a  maximum  amount  of  rennet  in  a  very  short 
time  (a  few  minutes)  is,  according  to  Korschun,  one  of  the  most  distinct 
qualities  of  the  true  antirennet,  found  in  normal  horse  serum.  Korschun 
therefore  determines  the  inhibiting  effect  of  this  antibody  by  mixing  horse 
serum  and  rennet  solution,  keeping  the  complex  at  20°  for  15  minutes,  and 
measuring  the  remaining  amount  of  active  rennet. 

In  contradistinction  to  the  action  of  the  true  antibody,  the  inhibiting 
effect  of  the  so-called  pseudo-antirennet  only  takes  place  after  some  time.  For 
the  determination  of  the  effect  of  this  substance  therefore  it  is  necessary  to 
keep  serum  and  rennet  in  contact  with  each  other  for  at  least  three  hours. 

From  Korschun's  work  it  is  evident  that  the  true  antibody  is  fully  active 
at  20°,  whereas  the  pseudo-antirermet  does  not  show  any  distinct  inhibiting 
effect  at  this  temperature.  Furthermore,  as  the  effect  of  the  true  antibody 
does  not  increase  proportionally  to  the  time  during  which  the  serum  acts  on 
the  rennet,  it  might  be  expected  that  the  normal  horse  serum  would  behave 
similarly  at  20'. 

Exj)eriment  1.     (Table  I.) 

In  this,  as  in  all  other  experiments  mentioned  in  this  paper,  Morgenroth's 
quantitative  method  has  been  used  to  determine  the  amount  of  rennet  not 
neutralised  by  the  serum  in  question.  10  cc.  of  milk  were  added  to  the  rennet- 
serum  complex,  after  this  had  been  kept  for  the  time  required  at  20°.  The 
samples  were  then  placed  at  a  low  temperature  (0°)  over  night,  and  the 
following  morning  heated  in  a  water-bath  to  35°.  The  caseinogen  of  the  milk 
was  regarded  as  unaltered  in  those  samples  which  remained  liquid  after 
half  an  hour  at  35°,  i.e.  in  such  samples  there  had  not  been  rennet  enough  left 
to  transform  the  caseinogen  into  casein. 

The  minimal  quantity  of  rennet  solution  required  for  coagulating  10  cc. 
of  the  milk  used  was  0-0015  cc. 

The  rennet  solution  in  question  was  a  standard  solution,  made  at  The 
Swiss  Institute  for  Dairy  Bacteriology,  Liebefeld  near  Berne,  according  to 
Morgenroth's  instructions.  In  cases  where  the  amount  of  rennet  used  was 
less  than  0-015  cc.  the  standard  solution  was  diluted  (1-10)  wdth  saline 
solution. 
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The  milk  used  for  the  experiments  was  a  mixed  milk  saturated  with 
chloroform,  and  curdhng  as  mentioned  above  by  the  addition  of  0-0015  cc 
of  rennet. 

The  horse  serum  in  question  was  a  normal  horse  serum,  the  durabQity 
of  which  was  increased  by  the  addition  of  some  thymol  crystals 

All  experiments  were  made  in  test-tubes,  the  inner  wall  of  which  was 
covered  with  a  thin  film  of  paraffin  in  order  to  prevent  alkaU  from  the  dass 
affecting  the  rennet-serum  complex.  All  liquids  used  for  the  experiments 
were  also  kept  in  paraffined  tubes,  or  tubes  of  Jena-glass. 

Table  I  shows  the  inhibiting  power  of  normal  horse  serum  at  20° 


TABLE   I. 

Time  during  which  the  rennet-serum  compile,  is  kept^at  20'  before  milkjs  added  to  it 

hours 


The   maximum    amount      min.  min  hour        h^.,,^.        i,  ^  ,    *  ^  6  7 

of  rennet  neutraUsed  by  *'°"^'        ^°^^        ^ours        hours        hours 


0-1  CO.  of  normal  horse 

"'^    '•''^"      ^-^^^     «•««-     «-07cc.     0-08  CO.     0-09  CO.     0-09  cc.     0-09  00.     0-09  cc. 

The  comparatively  large  amount  of  rennet  neutrahsed  at  the  moment  of 
admixture,  and  which  is  not  increased  within  the  following  15  minutes 
represents  an  actual  change  within  this  short  period,  and  is  not  due  to  a 
contmuation  of  the  process  when  the  samples  were  stored  at  0°  over  night 
The  quantity  of  rennet  neutralised  at  0°  is  actually  very  smaU.  An  experiment 
m  which  hqmds,  glasses,  pipettes,  etc.,  were  kept  at  0°,  showed  that  the  greatest 
quantity  of  rennet,  neutralised  by  0-1  cc.  of  normal  horse  serum  under  these 
circumstances,  amounted  to  0-005  cc. 
I  Table  I  shows  that  the  time  during  which  the  serum  acts  on  rennet  is 

not  without  importance  for  the  inhibiting  power  of  normal  horse  serum  at 
20°.  This  agrees  fully  with  Hedin's  observations.  According  to  K<)rschun's 
views,  however,  the  objection  may  be  raised,  that  the  effect  of  the  pseudo-anti- 
rennet  sets  m  at  20°.  To  examine  the  inhibiting  power  of  the  true  antibody 
in  the  horse  serum,  it  is  therefore  necessary  to  use  a  method  other  than  that 
employed  m  Experiment  1. 

Korschun  has  shown  that  the  two  inhibiting  substances  in  the  normal  horse 
serum  can  be  separated  by  dialysing  the  serum.  As  distinct  from  the  true 
antibody,  the  pseudo-antirennet  is  dialysable.  A  dialysed  horse  serum  should 
therefore  give  a  measure  only  of  the  genuine  antibody's  mode  of  action. 

As  seen  in  Table  I  normal  horse  serum  instantaneously  neutralises  a 
considerable   quantity   of   rennet~0.04  cc.     This   quantity   undoubtecUy   is 
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neutralised  by  the  true  antibody.  A  dialysed  serum  should  therefore  be 
capable  of  destrojang  a  corresponding  quantity  of  rennet  in  an  equally  short 
time,  and  thereby  have  reached  the  maximum  of  its  inhibiting  power.  As 
can  be  seen  from  Tables  II  and  III,  this  is  by  no  means  the  case. 

In  these  tables  the  results  are  given  of  two  experiments,  made  with  two 
samples  of  horse  serum,  the  one  dialysed  longer  than  the  other.  For  the 
experiment  described  in  Table  II,  10  cc.  of  the  horse  serum  were  dialysed  for 
48  hours  in  an  animal  membrane  ("Fischblase")  against  running  tap-water. 
To  avoid  bacterial  action  some  thymol  crystals  were  added  to  the  serum. 
During  the  dialysis  the  volume  of  the  serum  increased  to  14  cc.  The  pre- 
cipitated euglobuhn  was  separated  from  the  dialysed  serum  by  centrifuging. 
This  euglobulin  was  also  tested  for  inhibiting  power,  but  proved  to  be 
without  effect.  Korschun  has  made  the  same  observation.  Half  of  the 
dialysed  serum  was  used  for  the  experiment,  mentioned  in  Table  II,  while 
the  remaining  part^7  cc— was  brought  back  into  the  membrane  and  dialysed 
for  further  48  hours.  The  volume  of  this  second  part  thereby  increased  to 
10-5  cc.     This  serum  was  used  for  the  experiment  in  Table  III. 

In  Fig.  1  the  inhibiting  powers  of  the  dialysed  sera  are  graphically  shown, 
and  compared  with  the  inhibiting  power  of  normal  horse  serum  at  37° 
(Table  IV).  Like  all  the  curves  in  this  paper,  those  in  Fig.  1  indicate  the 
effect  of  the  inhibiting  substance  in  question,  expressed  by  the  ratio  between 
the  maximum  amount  of  rennet,  neutralised  by  the  inhibiting  substance,  and 
the  minimal  quantity  of  rennet  (i.e.  0-0015  cc),  required  for  the  coagulation 
of  10  cc  of  the  milk  used,  without  any  addition  of  serum. 

TABLE  II. 

Time  during  which  the  rennet-serum  complex  is  kept  at  37°  before  milk  is  added  to  it 
he    maximum    amount         0  15  1  2  3  4  5  67 

)f     rennet     neutralised      min.  min.  hour         hours        hours        hours        hours        hours        hours 

jy  0-14  cc.  of  a  horse 
ierum,  dialysed  for  48 
lours   0-02  cc.      0-08  cc.     0-12  cc.     0-14  cc.     0-16  cc.     0-16  cc.     0-16  cc.     0-16  cc.    0-16  cc. 

As  seen  above,  0-14  cc.  horse  serum  dialysed  for  48  hours  is  equal  to  01  cc.  of  normal  horse  senim. 

TABLE  III. 

Time  during  which  the  rennet-serum  complex  is  kept  at  37°  before  milk  is  added  to  it 
0  15  1234567 

he    maximum    amount      min.  min.  hour         hours        hours        hours        hours        hours        hours 

>f  rennet  neutralised 
■)V  0-21  cc.  horse  serum, 
lialysed  for  96  hours  ..   0-015  cc.       -06  cc.     0-11  cc.     0-13  cc.     0-15  cc.     0-15  cc.     0-15  cc.     0-15  cc.     0-15cc. 

0-21  cc.  of  the  horse  serum  dialysed  for  96  hours  corresponds  to  0-1  cc.  normal  horse  senim. 
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The  curves  in  Fig.  1  show  perhaps  more  clearly  than  the  corresponding 
tables  that  the  period  for  which  rennet  and  dialysed  serum  are  kept  before  the 
milk  is  added  to  the  complex  is  of  decisive  importance  for  the  inhibiting  power 
of  these  sera.  The  dialysis  therefore  does  not  differentiate  between  the  true 
antibody  and  the  pseudo-antirennet  with  the  loss  of  the  latter,  but  decreases 
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normal  horse  serum  (Table  IV). 
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Time  in  hours  during  which  the  rennet-serum  complex  is  kept  at  37^. 
Fig.  1.     Showing  the  inhibiting  power  at  ZV  of  normal  and  dialysed  horse  serum. 

the  total  inhibiting  power  of  the  serum,  a  decrease  which  is  evidently  greater 
the  longer  the  dialysis  lasts. 

Even  if  the  above  data  do  not  give  any  direct  information  as  to  the  nature 
of  the  true  antibody  of  horse  serum,  two  conclusions  may  be  drawn  from 
them.  Firstly,  that  this  body  cannot  be  a  true  antibody  in  the  strict  sense 
of  the  term,  since  the  power  of  a  true  antibody  is  not  decreased  by  dialysis 


,18  A.   C.  THAYSEN 

of  the  serum  in  which  it  is  containedi.  And  secondly,  they  show  that  there 
is  no  such  contrast  between  "true  antibody"  and  "  pseudo-antirennet "  in 
their  relations  to  dialysis,  as  Korschun  supposed,  which  to  him  was  one  of 
the  essential  arguments  for  regarding  them  as  two  different  substances. 

{b)    Pseudo-antirennei ;    its  mode  of  action  and  its  nature. 

When  a  normal  horse  serum  acts  on  rennet  at  37°  its  inhibiting  effect  is 
much  greater  than  at  20°,  as  shown  in  the  following  table  (see  Fig.  1). 

TABLE  IV. 

Time  during  which  the  rennet-serum  complex  is  kept  at  37°  before  milk  is  added  to  it 
0  15  1  2  3  *,^.^.^ 

ic    maximum   amount      min.  min.  hour        hours        hours        hours        hours        hours        hours 

f     rennet     neutralised 
orseserura"^"^.''.^   004  cc.      012  cc.     017  cc.     0-21  cc.     0-29  cc.     0-33  cc.     0-33  cc.     0-33  cc.     0-33  cc. 

This  observation  also  agrees  with  Hedin's  statement  that  the  inhibiting 
power  of  the  serum  increases  up  to  a  certain  equilibrium  proportionally,  not 
only  to  the  time,  but  also  to  the  temperature  at  which  the  serum  acts  on 
the  rennet.  Korschun  regards  this  increase  in  the  inhibiting  power  as  being 
due  to  the  so-called  pseudo-antirennet.  As  this  body  is  supposed  to  be 
extremely  thermostable,  it  ought  to  be  separated  from  the  thermolabile  "  true 
antibody"  by  heating  the  horse  serum.  An  experiment  made  with  a  heated 
serum  therefore  should  show  the  effect  of  the  pseudo-antirennet  better  than 
the  normal  horse  serum  was  able  to  do. 

Following  Korschun's  instructions,  an  experiment  like  this  is  best  made 
with  a  horse  serum  diluted  in  the  proportions  (1  +  5)  with  distilled  water  or 
tap-water,  and  then  boiled  for  some  time.  In  making  the  experiment, 
10  cc.  of  the  above-mentioned  horse  serum  were  therefore  mixed  with  50  cc. 
of  distilled  water,  and  the  mixture  kept  in  a  boiling  water-bath  for  one  hour. 
The  inhibiting  effect  of  the  serum  dilution  thus  treated  was  determined  in 
the  usual  way  and  found  to  have  the  following  values. 

1  The  only  apparent  cause  for  a  decrease  in  the  power  of  a  true  antibody  would  be  that  the 
dialysis  had  deprived  the  serum,  in  which  the  antibody  is  contained,  of  its  content  of  NaCl.  But 
even  if  NaCl  be  added  to  the  dialysed  horse  serum  the  inhibiting  power  of  the  latter  is  not  altered. 
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TABLE  V. 


The    maximum    amount  ^'T  '^"^^  Tt^  '*"  remiet-serum  compbx  is  kept  at  37°  before  milk  is  added  to  it 

EyJ-T::'o?TS      "'"•  "'^-  '""^        ^^^"^'^        ^°-«        ^°-«        1^--        '^o'-        '>oL 

horse     serum     dilution 

^^+^^ 0-004  cc.     0-08  cc.     0-20  cc.     0-29  cc.     0-31  cc.     0-31  cc.     0-31  cc.     0-31  cc.     0-31  cc. 

0-6  cc.  of  the  boiled  serum  dilution  contains  0-1  cc.  horse  serum. 
The  use  of  so  large  a  quantity  of  serum  dUution  made  the  precipitation  of  the  casein  formed 
m  the  samples  by  the  action  of  the  rennet,  extremely  difficult,  as  the  dilution  had  lowered  the 
concentration  of  the  calcium  salts  in  the  milk  too  much.     Normal  conditions  were,  however 
easily  brought  about  by  adding  some  drops  of  a  calcium  chloride  solution  (4  %). 

This  experiment  plainly  shows  that  by  heating  the  horse  serum  a  consider- 
able decrease  is  effected  in  the  amount  of  rennet  instantaneously  neutralised 
by  the  true  antibody.     On  the  other  hand,  the  heating  does  not  appear  to 
have  changed  the  inhibiting  power  of  the  pseudo-antirennet,  as  the  quantity 
of  rennet  neutralised  at  37°  by  the  heated  serum  practically  agrees  with  what 
IS  destroyed  at  the  same  temperature  by  normal  horse  serum  (Table  IV). 
Notwithstanding  this,  it  would  be  erroneous  to  conclude,  as  Korschun  does, 
that  the  heating  has  destroyed  the  true  antibody  without  hurting  the  pseudo- 
antirennet.     A  closer  examination  of  the  conditions,  obtaining  in  the  experi- 
ment to  which  Table  V  refers,  shows  that  a  horse  serum,  diluted  (1  +  5)  and 
heated  to  70°  for  a  quarter  of  an  hour,  has  a  higher  inhibiting  power  at  37° 
than  the  boiled  dilution  and  that  an  unheated  dilution  (1  +  5)  has  a  still 
greater  effect  at  the  same  temperature.     By  heating  a  serum  dilution  there- 
fore we  weaken  its  total  inhibiting  power,  also  that  part  of  it  which  is  due  to 
the  pseudo-antirennet.     Tables  VI  and  VII  and  Fig.  2  illustrate  this. 

TABLE   VI. 

The    maximum    amount  ^'""o  "^"^'"^  it^'^  ^^^  rennet-semm  compl^ex  is  kept^at  37°  before  mUk  is  added  to  it 

by  J'e^o?  of^horse       ""•  "^"^  '^°"''         ^°"^^        ^""^^        '^^"'•^        '^«"-        ^^"-«        '-"- 

serum   dilution   (1+5), 
heated    to     70°    for    a 

quarter  of  an  hour    . .   OOOG  cc.     009  cc.     0-21  cc.     0-29  cc.     0-32  cc.     0-35  cc.     0-.38  cc.     0-38  cc.     0-38  cc. 
0-6  cc.  of  the  dilution  used  contained  0-1  cc,  horse  serum. 

TABLE  VII. 

Time  during  which  the  rennet-serum  complex  is  kept  at  37°  before  milk  is  added  to  it 

oV  r^rerTeuraS      ""•  ^^          """^  ^^^^^        ^''^^^        ^°-«        ^--        ^^^        hoL 
by  0-6  cc.   of   a    horse 

serum  dilution  (1+5)..    004  cc.  0-12  cc.     0-27  cc.  0-33  cc.     0-37  cc.     0-40  cc.     0-42  cc.     0-42  cc.     0-42  cc. 

0-6  cc.  of  the  dilution  used  containwl  0-1  cc.  horse  scrum. 
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The  heating  has  thus  considerably  damaged  both  the  true  antibody  and 
the  pseudo-antirennet,  with  the  difference  that  the  destruction  of  the  first 
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Time  in  hours  during  which  the  rennet-serum  complex  is  kept  at  37°. 
Fig.  2.    Showing  the  inhibiting  power  at  37^  of  heated  and  unheat«d  horse  serum  dilutions  (1  -F  5). 

is,  SO  to  speak,  complete,  while  the  pseudo-antirennet  is  still  active  to  a  high 
degree  and  cannot  be  entirely  destroyed.  Then  it  must  be  assumed  that  the 
destruction  of  the  pseudo-antirennet  has  practically  come  to  an  end,  since  a 
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serum  dilution,  boiled  for  one  hour,  gives  values  for  its  inhibiting  power  which 
are  but  little  less  than  those  shown  by  a  dilution  heated  for  a  quarter  of  an 
hour  to  70°.  This  partial  destruction  of  the  pseudo-antirennet  and  the 
increase  in  the  inhibiting  power  by  diluting  it  would  hardly  be  explainable 
if  the  pseudo-antirennet,  as  supposed  by  Korschun,  were  a  substance  present 
in  normal  horse  serum  as  an  independent  body.  On  consideration  the  above- 
mentioned  facts  rather  indicate  that  the  term  pseudo-antirennet,  as  appUed 
to  the  inhibiting  power  of  heated  and  unheated  serum  dilutions,  covers  at 
least  three  properties  of  normal  horse  serum,  i.e.  its  faculty  of  regulating  the 
[H]  in  its  dilutions,  its  alkalinity  and  its  thermolability. 

The  importance  of  the  first  of  these  properties  is  apparent  on  an  exami- 
nation of  the  effect  which  dHution  of  normal  horse  serum  has  on  its  inhibiting 
power.  Allusion  has  already  been  made  to  Hedin's  statement  that  dilution 
of  the  normal  serum  does  not  change  its  inhibiting  power;  this  is  not  in 
conformity  with  my  own  experiments.  In  view  of  the  method  employed  by 
Hedin  in  his  experiments,  it  is,  however,  impossible  to  attach  importance  to 
his  deductions.  By  using  Korschun's  exact  methods  it  is  obvious  that  the 
inhibiting  power  is  increased  considerably  by  dUution  of  the  serum.  This 
may  be  seen  from  Tables  VIII  and  IX,  which  concern  two  experiments  made 
with  diluted  horse  sera. 

TABLE   VIII. 

-   •  ^^  '^'^^g  ^i"°Ji  *te  rennet-serum  complex  is  kept  at  37°  before  milk  is  added  to  it 

■"ofMtrTeuraS      ■*  "^-         "''"'        ""^       "o'""       "^"^       'o-       >■<■-       "»- 

by  0-3  CO.   of    a    horse 

semm  diluted  (1+2)..    0-04  cc.      0-12cc.     0-25  cc.     0-28  cc.     0-31  cc.     0-36  cc.     0-36  cc.     0-36  cc.     0-36  cc. 
0-3  cc.  of  the  serum  dilution  used  contained  0-1  cc.  horse  serum. 

TABLE   IX. 

Time  during  which  the  rennet-serum  complex  is  kept  at  37°  before  milk  is  added  to  it 

■'cf%TS'Te„raS      "'°-  ■^-         ">"        ""'""       '<>""       '"*"       '"'"-       "-"       foL 

by  0-6  cc.   of    a    horse 

serum  diluted  (1+5)..    0-04cc.      0-12cc.     0-27  cc.     0-33  cc.     0-37  cc.     0-40  cc.     0-42  cc.     0-42  cc.     0-42  cc. 
0-6  cc.  of  the  serum  dilution  used  contained  01  cc.  horse  serum. 

This  increase  m  the  inhibiting  power  becomes  more  apparent  on  exam- 
ination of  the  [H]  of  the  normal  horse  serum  and  its  dilutions.  Tested 
electrically  the  [H]  of  the  normal  horse  serum  in  question  gives  the  value 
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p^^,  =  7.99.  Diluting  the  serum  (1  +  5)  its  alkalinity  does  not  decrease.  On 
the  contrary,  measured  at  37°  its  [H]  gives  values  which  vary  from  p^.  =  8-20 
to  p^.  =  7-90, depending  on  the  time  at  which  they  are  measured,  either  directly 
the  dilution  is  made  or  later.  The  [H]  of  the  dilution  (1  +  2)  agrees,  as  does 
that  of  the  dilution  (1  +  5),  with  the  [H*]  of  the  normal  horse  serum. 

Considering  the  extreme  sensitiveness  of  rennet  towards  even  very  small 
quantities  of  alkali,  it  seems  natural  to  connect  the  increase  of  the  inhibiting 
power  of  the  dilutions  with  the  tendency  of  the  serum  to  maintain  normal 
[H]  even  in  its  higher  dilutions.  Indeed  we  know  that  the  amount  of  rennet 
inhibited  by  an  alkali  solution  is  dependent  on  the  [H]  of  this  solution  only, 
and  not  on  the  exact  number  of  H-  or  OH-ions  present.  The  same  fact  must 
therefore  determine  the  action  of  the  serum  dilutions  if  their  [H]  has  any 
influence  on  their  increased  inhibiting  power.  From  this  point  of  view  it  is, 
however,  also  justifiable  to  suppose  that  a  greater  quantity,  either  of  the 
alkaline  solution  or  of  the  serum  dilutions,  will  destroy  more  rennet  than  a 
smaller  amount  is  able  to  do.  To  explain  this  we  may  suppose  that  0-1  cc.  of 
alkaline  solution  of  a  certain  [H]  neutralises  0-02  cc.  rennet  solution ;  0-6  cc.  of 
the  same  alkaline  solution  should  then  neutralise  6  x  0-02  cc.  =  0-12  cc.  rennet. 
That  this  occurs  when  the  alkali  is  kept  in  six  tubes  each  containing  0-1  cc. 
is  obvious.  If  0-6  cc.  of  the  alkali  is  brought  into  one  single  tube,  the  same 
amount  of  rennet  should  be  inhibited,  as  in  this  case  also  we  have  0-02  cc. 
rennet  corresponding  to  each  of  the  alkali's  six  units  of  0-1  cc.  I  have  tried 
experimentally  to  ascertain  how  far  this  agrees  with  the  actual,  and  found 
that  0-6  cc.  of  a  Na2HP04  solution  of  a  certain  [H]  inhibits  seven  times  more 
rennet  than  0-1  cc.  of  the  same  phosphate  solution.  This  result  is  very  satis- 
factory, as  experimental  errors  must  always  be  considerable  in  work  of  this 
kind. 

If  a  greater  quantity  of  alkali  is  thus  able  to  destroy  more  rennet  than  a 
smaller,  the  serum  and  its  dilutions  must  do  the  same,  as  their  [H']  is  also 
constant;  and  0-6  cc.  of  a  serum  dilution  (1  +  5)  must  therefore  inhibit  more 
rennet  than  0-3  cc.  serum  dilution  (1  +  2),  and  this  0-3  cc.  again  more  than 
0-1  cc.  of  normal  horse  serum.  The  question  whether  the  increase  in  the 
inhibiting  power  of  the  serum  can  be  due  to  its  property  of  maintaining 
normal  [H  ]  in  its  dilutions  therefore  resolves  itself  into  one,  as  to  whether  an 
increase  in  the  inhibiting  power,  equal  to  that  shown  by  the  serum  dilutions, 
can  be  caused  by  an  alkaline  solution  of  the  same  [H']  as  the  serum — 
^Q.  =  7-99  (at  37°) — and  used  in  the  same  quantities  as  this. 

The  increase  in  the  inhibiting  power  of  the  serum  dilution  (1  +  2)  is  equal 
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to  0-03,  this  value  being  the  difEerence  between  the  maximum  amount  of 
rennet  (0-33  cc.)  inhibited  by  0-1  cc.  of  normal  horse  serum  at  37'^  and  the 
greatest  quantity  (0-36  cc.)  destroyed  at  the  same  temperature  by  0-3  cc.  of 
the  serum  dilution  (1  +  2). 

The  increase  in  the  inhibiting  power  of  the  solution  (1  +  5)  is  0-06,  as  0-3  cc. 
of  the  dilution  (1  +  2)  inhibits  0-36  cc.  rennet,  and  0-6  cc.  of  the  dilution 
(1  +  5)  inhibits  0-42  cc. 

As  regards  the  alkaUne  solution,  it  has  already  been  pointed  out  that  the 
increase  in  its  inhibiting  power  is  proportional  to  the  amount  of  solution  used. 
0-3  cc.  alkaline  solution  of  a  certain  [H  ]  therefore  inhibits  three  times  as  much 
rennet  as  0-1  cc.  of  the  same  solution.  0-1  cc.  alkali  of  the  concentration 
required^  inhibits  0-04  cc.  rennet,  and  0-3  cc.  of  this  alkali  therefore  ought  to 
inhibit  3  x  0-04  =  0-12  cc.  rennet,  giving  an  increase  in  the  inhibiting  power 
equal  to  0-12  —  0-04  =  0-08.  On  the  other  hand,  0-6  cc.  of  the  alkali  in 
question^  will  inhibit  6  x  0-04  =  0-24  cc.  rennet,  which  represents  an  increase 
in  the  inhibiting  power  equal  to  0-24  —  0-12  ==  0-12.  The  experiments  upon 
which  these  calculations  are  based  are  somewhat  crude  and  the  values  cannot 
be  regarded  as  absolutely  exact.  Nevertheless  they  sufi&ce  to  show  that  an 
increase  in  the  inhibiting  power  such  as  is  shown  by  the  serum  dilutions  is 
to  be  expected  when  they  are  used  in  increasing  quantities. 

With  respect  to  the  other  properties  which  are  necessary  for  the  action 
of  the  pseudo-antirennet,  the  alkalinity  and  the  thermolability  of  the  serum, 
their  importance  is  best  shown  by  a  closer  examination  of  the  inhibiting  power 
of  a  boiled  horse  serum. 

In  view  of  the  results  of  the  above-mentioned  experiments  one  might 
expect  the  reduction  of  the  inhibiting  power  of  the  heated  serum  dilutions  to 
be  due  to  a  decrease  of  their  [H"]  caused  by  the  treatment.  This,  however, 
was  not  the  case,  as  the  [H"]  of  the  boiled  serum  dilution  gave  roughly  the 
same  value  as  that  shown  by  the  unheated  dilutions.  Nevertheless  there  is 
an  important  relation  between  the  inhibiting  power  of  the  boiled  serum  and 
its  [H'].  This  became  evident  by  a  determination  of  the  inhibiting  power 
of  0-6  cc.  of  the  phosphate  solution  at  37°.  The  experimental  data  are  given 
in  Table  X. 

1  A  solution  of  NaaHPO,  and  KH2PO4  was  used,  made  according  to  Sorensen's  [1909] 
instructions  by  mixing  9-75  cc.  «/15  Na2HP04  and  0-25  cc.  w/15  KH2PO4;  tested  at  18°  this 
mixture  has  the  [H"]  p^.  =  8-038. 

2  In  an  experiment  already  mentioned  0-6  cc.  phosphate  solution  neutralised  0-28  cc.  rennet, 
and  not  0-24  cc. 
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TABLE   X. 

Time  during  which  the  rennet-phosphate  complex  is  kept  at  37»  before  milk  is  added  to  it 
015  1  2  3  4  5  6  7 

maximum   amount      min.  min.  hour        hours        hours        hours        hours        hours        hours 

rennet     neutralised 
0-6  cc.    of    a    phos- 

'|;,^LtS88tl8°r?0.003cc.    004  cc.     0-19  cc.     0-23  cc.     0-28  cc.     0-28  cc.     0-28  cc.     0-28  00.     0-28  00. 

As  cau  be  seen  from  the  curves  in  Fig.  3  there  is  a  striking  agreement 
between  the  inhibiting  effects  of  the  phosphate  solution  and  the  boiled  serum 


Curve  showing  the  inhibiting  power  of  a 
horse  serum  dilution  (1  +  5).  boiled  for 
1  hour. 

Curve  showing  the  inhibiting  power  of  a 
phosphate  solution  of  [H]p„.  8  038 
(18'). 


Time  in  hours  during  which  the  rennet-serum  complex  is  kept  at  37". 

Fig.  3.     Showing  the  inhibiting  power  at  37'  of  a  boiled  horse  serum  dilution  (1+5)  and  of  a 
phosphate  solution  of  nearly  the  same  [H']. 

dilution.  There  appears  no  reason  to  doubt  that  this  agreement  is  due  to  the 
fact  that  the  inhibiting  power  of  the  boiled  horse  serum  is  an  effect  of  its 
[H']  only.     This  will  be  sufficient  to  indicate  the  importance  of  the  alkalinity 
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of  the  serum  with  respect  to  its  inhibiting  power.  It  therefore  only  remains 
to  be  shown  that  the  inhibiting  power  is  dependent  also  on  the  thermolability 
of  the  serum. 

The  value  of  the  [H]  is  clearly  as  important  for  the  inhibiting  power  of 
the  serum  dilutions  as  it  w&s  found  to  be  for  the  action  of  the  boiled  serum. 
The  inhibiting  power  of  the  dilution  (1  +  5),  for  instance,  must  therefore  be 
regarded  as  a  mixed  effect  of  its  [H']  and  of  various  other  supplementary 
properties  (substances?).  In  addition  to  the  effect  of  the  [H']  the  inhibiting 
power  of  this  dilution  therefore  also  shows  the  effect  of  these  properties. 
As  can  be  seen  from  Table  XI  they  also  relate  to  the  pseudo-antirennet,  as 
their  inhibiting  power  increases  proportionally  to  the  time  the  serum  acts  on 
the  rennet. 

TABLE   XI. 

Time  during  which  the  serum  or  the  phosphate  solution  acts  on  the  rennet  at  3 
m,  •  <^  15  1234567 

The    maximum   amount      min.  min.  hour         hours        hours        hours        hours        hours        horn 

of    rennet    neutralised 

by  0-6  CO.   of  a   serum 

dilution  (1+5)    004  cc.      0-12  cc.     0-27  cc.     0-33  cc.     0-40  cc.     0-42  cc.     0-42  cc.     0-42  cc.     0-42  c 

The  maximum  amount  of 

rennet   neutralised    by 

0-6  00.  of  a  phosphate 

solution    of    the    same 

[H-]  as  the  horse  serum   0-003  cc.     0-04  cc.     0-19  cc.     0-23  cc.     0-28  cc.     0-28  cc.     0-28  cc.     0-28  cc.     0-28  c 
The  inhibiting  effect   of 

the  supplementary  pro- 
perties   of    the     horse 

senmi   0-037  cc.     0-08  cc.     0-08  cc.     0-10  cc.     0-12  cc.     0-14  cc.     0-14  cc.     014cc.     014  c 

Calculations  similar  to  that  made  in  Table  XI  show  that  the  effect  of  these 
supplementary  properties  of  the  serum  dilution  (1  +  5)  is  greatly  reduced  by 
heating  it  to  70°.  In  a  boiled  dilution  their  effect  has  completely  disappeared. 
As  the  thermolability  of  the  serum  is  thus  decisive  for  the  effect  of  these 
properties,  it  must  also  be  of  importance  for  the  action  of  the  pseudo-anti- 
rennet, since  the  properties  in  question,  as  shown  in  Table  XI,  are  part  of  the 
pseudo-antirennet. 

Some  interesting  light  as  to  the  nature  of  these  supplementary  properties, 
or  substances,  of  normal  horse  serum  may  be  obtained  from  the  experiments 
already  discussed.  As  they  cannot  be  demonstrated  in  a  boiled  horse  serum 
dilution,  their  effect  is  obviously  due  to  the  proteins  of  the  serum,  or  perhaps 
to  their  colloid  qualities.  Moreover,  the  effect  of  the  properties  in  question 
increases  proportionally  to  time,  and  to  the  temperature  at  which  the  serum 
acts  on  rennet.  This  can  be  seen  from  Tables  I  and  XII.  Table  I  showed 
the  inhibiting  power  of  0-1  cc.  of  normal  horse  serum  at  20°.     But  the  j&gures 
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at  the  same  time  also  practically  show  the  inhibiting  efiect  of  the  supple- 
mentary properties  at  20^  as  the  [H]  of  0-1  cc.  of  normal  horse  serum  is  hardly 
of  any  importance  for  the  amount  of  rennet  destroyed  at  this  temperature. 
Experiments  showed  that  0-1  cc.  of  the  phosphate  solution  neutralised 
0-003  cc.  rennet  at  20°,  an  amount  which  does  not  increase  even  if  the  solution 
acts  on  rennet  for  several  hours. 

The  inhibiting  power  of  the  supplementary  properties  at  37°  is  shown  in 

Tabic  XII. 

TABLE   XII. 

Time  during  whicli  the  serum  or  the  phosphate  solution  acts^on  the  rennet  at^37' 

The    maxinmin    amount      mhu  m^i^.  hour         hours        hours        hours        hours        hours        hours 

of  rennet  neutralised  by 

^J,^-.°.'.!'T.'!.'!""004cc.       0-12  00.     0-17  00.     0-21  oo.     0-29  00.     0-33  oo.     0-33  oo.     0-33  oo.     0-33  cc. 

The  maximum  amount 
of  rennet  neutralised  by 
0-1  00.   phosphate  solu- 

llThl'eteTur!'"'^."  0-003  00.     0-02  oo.     0-04  oo.     0-04  oo.     0-04  oo.     0-04  oo.     0-04  co.     0-04  oo.     0-04  cc. 

The  effect  of  the  supple- 
mentary   properties    of 

the  horse  scrum  is  there-  n  oo  ««      f\  oc\  r>i>      n-2Q  oo 

fore  equal  to    0-037  co.     0-10  co.     0-13  oc.     0-17  cc.     0-25  co.     0-29  cc.     0-29  cc.     0-29  cc.     0  29  cc. 

The  effect  of  these  properties  is  thus  considerably  increased  by  raising 
the  temperature  at  which  the  experiment  is  made. 

Furthermore,  some  light  is  thrown  on  them  from  Table  XII.  Compared 
with  the  figures  in  Table  XI,  which  showed  their  inhibiting  power  at  high 
dilution,  the  figures  in  Table  XII  indicate  that  their  effect  is  greater  when  they 
act  on  rennet  in  concentrated  than  in  diluted  form. 

The  real  cause  of  the  appearance  of  these  properties,  or  substances,  cannot 
be  determined  from  the  experiments  discussed  above.  Korschun's  "true 
antibody"  is  certainly  either  identical  with  them  or  part  of  them.  Never- 
theless the  use  of  this  expression  for  the  explanation  of  the  action  of  the 
normal  serum  on  rennet  is  not  to  be  recommended.  This  action  cannot  be 
due  to  a  true  antibody,  but  is  more  probably  attributable  to  physico-chemical 
effects.  On  the  other  hand,  Hedin's  conclusion  that  this  action  is  a  mere 
adsorption  must  undoubtedly  only  be  a  partial  explanation. 

II.     The  Inhibiting  Effect  of  Normal  Rabbit  Serum  on  Rennet. 
As  can  be  seen  from  the  following  table  the  action  of  normal  rabbit  serum 
on  rennet  has  the  same  characteristics  as  that  of  normal  horse  serum,  with 
the  difference  merely  that  its  effect  is  distinctly  weaker. 


IXHIBITIOX   OF   REXXET  BY  8EHA 


12: 


S'o.  Material 

1  Xormal  rabbit 

serum 

2  Normal  rabbit 

serum 

3  Normal  rabbit 
serum  dialysed 
for    48    hours 

through      an 

animal 
membrane 

I     Eabbit  serum 
diluted  (1+5) 


» 


Rabbit  serum 
diluted  (1+5) 
and  heated  to 
70°  for  0-25 
hour 


TABLE    XIII. 

Temp.       -rl  ''^^^^tti^^l^^::^^^ 

'  '■''  '  2  3  4  5  6        7hou 

0-1  ec.         0-004        0-008      0-01        0-015      003      003      0-03      0-03         0-03 


20° 
37° 

37° 
37° 


0-1  CO. 


0-004        0025      0-085      Oil        0-14      0-17      0-17      017 


37= 


0-35  t-c.  of 

the  dialysed 

serum 

(=0-1  cc. 

undialysed 

serum)         00015      002 

0-6  cc. 
diluted 

serum 
(=0-1  cc. 
normal 
serum) 

0-6  cc. 

diluted 

serum 
(=0-1  cc. 
imdiluted 

serum) 


0-07        009        0-15      0-17      0-17      017 


0-004        0-025      009        0-13        016      0-18      0-21      0-21 


0-0015      0006      0-12        0-15        0-15      0-15      0-15      015 


The  experiments  from  which  these  numbers  are  derived  were  arrived  at 
in  the  same  way  as  those  dealing  with  the  inhibiting  power  of  normal  horse 
serum.  The  same  rabbit  serum  was  used  for  all  experiments.  In  addition 
two  other  rabbit  sera  were  tested,  one  of  which  showed  a  lower  inhibiting 
power  than  that  used  for  the  experiments  quoted.  The  intensity  of  the 
inhibiting  power  thus  varies  not  only  with  different  species  of  animals,  but 
also  with  individuals  of  the  same  species,  a  fact  which  has  already  been 
recognised. 


III.     The  Inhibiting  Power  of  a  Rennet  Antiserum. 

The  question  of  the  possible  identity  of  artificial  antirennet  and  that 
found  in  normal  horse  serum  has  already  been  referred  to  in  the  introduction. 
Previous  researches,  Korschun's  and  Morgenroth's  [1900]  especially,  appeared 
to  point  m  this  direction,  at  any  rate  as  far  as  those  rennet  antisera  were 
concerned,  which  were  made  by  immunising  animals,  e.g.  goats  or  rabbits,  with 
a  true  rennet  enzyme.  The  antirennet  of  the  normal  serum,  or  at  least  a 
part  of  it,  was  regarded  as  a  true  antibody,  formed  in  the  serum  of  the  animal 
in  question  by  autoimmunisation  with  rennet,  originating  from  the  mucous 
membranes  of  its  stomach.     As  the  results  of  the  experiments  mentioned  in 
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this  paper  affect  this  conception  of  the  inhibiting  effect  of  normal  horse  serum 
in  various  respects,  it  appeared  of  interest  to  ascertain  whether  the  action  of 
the  rennet  antiserum  could  be  explained  in  the  same  manner  as  that  of  the 
normal  serum,  or  whether  in  this  antiserum  there  occurred  a  typical  antibody 
with  properties  similar  to  those  claimed  by  Korschun  for  the  antibody  of 

normal  horse  serum. 

The  rennet  antiserum,  employed  in  the  experiments  discussed  below,  was 

obtained  in  the  following  manner. 

The  immunisation  was  accomplished  in  The  Swiss  Institute  for  Dairy 
Bacteriology,  Liebefeld  near  Berne.  As  antigen  a  pure  rennet  powder 
(Merck)  with  the  coagulating  power  1-1-5  x  10«  was  used.  The  animals 
were  injected  with  an  extract  of  this  rennet  powder  in  the  strength  of  1-0  g. 
of  rennet  powder  to  10  cc.  of  sterile  distilled  water.  For  each  injection, 
given  everv  other  day,  a  fresh  quantity  of  extract  was  made.  At  the  beginning 
of  the  treatment  the  rabbits  used  for  the  immunisation  did  not  show  any 
loss  of  weight,  but  later  on,  after  the  seventh  injection,  a  rather  heavy  fall 
could  be  noticed.  Two  of  the  rabbits  died  at  the  end  of  the  treatment  with 
typical  anaphvlactic  symptoms.  The  subcutaneous  injection  caused  a  some- 
what considerable  local  infiltration.  Contrary  to  what  was  expected,  the  rennet 
antiserum  was  found  to  be  very  durable.  Even  at  the  end  of  a  year  its 
inhibiting  power  was  entirely  imimpaired. 

Unfortunately  it  has  been  necessary  to  limit  the  number  of  experiments 
originally  planned  with  this  antiserum,  as  the  quantity  available  was 
altogether  inadequate,  especially  as  each  experiment  had  to  be  carried  out 
two  or  three  times. 

It  is  interesting  to  note  that  the  inhibiting  power  of  the  rennet  antiserum 
at  20°  and  37°  agrees  well  \nth  the  properties  claimed  by  Korschun  for  a 
serum  containing  a  true  antirennet.     See  Table  XIV. 

TABLE   XIV. 
Tlie  inhibiting  power  of  rennet  antiserum  at  20°  and  37°. 

Time  during  which  the  rennet-serum  complex  is  kept  before  milk  is  added  to  it 
1.  0  15  12  34567 

The   maximum    amount     min.  min.  hour         hours        hours         hours        hours        hours       hours 

of     rennet     neutralised 

by  0-1  cc.  of  a   rennet  ^  ^^  ^  „. 

antiserum,  at  20=  ... .   0-03  cc.      0-03  cc.       0-03  cc.      003  cc.      003  cc.      0-03  cc.     0-03  cc.     003  cc.     003  cc. 

The  maximum  amount 
of  rennet  neutralised 
by  0- 1  cc.  of  a  rennet 
antiserum,  at  37° 0-03  cc.     0-045  cc.     0-065  cc.     0-09  cc.     0-115  cc.     013  cc.     0-13  cc.     013  cc.     0-13  cc 


TXTTTRITION   OF   RENXP]T  BY  SERA  129 

At  20°  the  antiserum  thus  neutralises  a  considerable  quantity  of  rennet, 
which  does  not  increase  even  if  the  reunet-antiserum  complex  is  kept  for 
seven  hours  at  20°.  Furthermore,  the  effect  of  the  true  antirennet,  i.e.  the 
capacity  of  the  antiserum  for  destroying  a  maximum  amount  of  rennet  in 
a  very  short  time  (a  few  seconds),  has  considerably  increased  omng  to  the 
immunisation,  whereas  the  effect  of  the  pseudo-antirennet  at  37°  is  still 
unaltered,  as  the  difference  in  the  inhibiting  power  between  the  pseudo-anti- 
rennet of  the  normal  rabbit  serum  and  that  of  the  antiserum  (Tables  XIII, 
No.  2,  and  XIV,  No.  2)  is  no  doubt  due  to  individual  differences  in  the  inhibiting 
power  of  sera  of  the  same  species,  and  not  to  a  decrease  in  the  effect  of  the 
pseudo-antirennet  owing  to  the  dialysis. 

At  this  point,  however,  the  agreement  between  the  effect  of  the  antiserum 
and  the  properties  claimed  by  Korschun  for  the  true  antirennet  ceases.  Testing 
the  effect  of  the  antiserum  under  other  conditions,  the  agreement  rather  seems 
to  have  been  accidental.  Dialysis,  e.g.,  causes  a  decrease  in  the  entire 
inhibiting  power  of  the  antiserum  (Table  XV),  just  as  was  the  case  with  the 
dialysed  horse  serum. 

TABLE   XV. 

Time  during  which  the  rennet-serum  complex  is  kept  at  37°  before  milk  is  added  to  it 
The    maximum    amount         0  15  1  2  3  4  5  6  7 

of     rennet     neutralised      min.  min.  hour         hours        hours        hours        hours        hours        hours 

by  0*22  cc.  of  a  rennet 
antiserum  dialysed  for 
48  hours 0-01  cc.      0-03  cc.     00.5  cc.     008  cc.     008  cc.     0-08  cc.     0-08  cc.     0-08  cc.     0-08  cc. 

3  cc.  of  antiserum  were  dialysed  for  48  hours,  its  volume  thereby  increasing  to  6-5  cc. 
022  cc.  of  the  dialysed  antiserum  therefore  is  equal  to  01  cc.  mitreated  antisemm. 

This  decrease  in  the  inhibiting  power  of  the  antiserum  is  not  consistent 
with  the  presence  of  a  true  antibody  in  this  serum. 

Similarly,  it  is  noteworthy  that  the  effect  of  the  pseudo-antirennet  is 
increased  far  more  by  diluting  the  antiserum  (Table  XVI)  than  by  diluting 
normal  rabbit  serum  (Table  XIII,  No.  4).  This  would  hardly  be  the  case 
if  the  pseudo-antirennet,  as  assumed  above,  had  not  been  altered  by  the 
immimisation. 

TABLE   XVI. 

Time  during  which  the  rennet-serum  complex  is  kept  at  37°  before  milk  is  added  to  it 
0  15  1  2  3  4  5  ()  7 

The    maximum    amount      min.  min.  hour         hours        hours        hours        hours        hours        hours 

of  rennet  neutralised 
by  0'6  cc.  of  a  rennet 
antiserum  diluted  (1-1- 5)   0-01  cc.      0-06  cc.     0-20  cc.     0-22  cc.     0-23  cc.     0-24  cc.     0-24  cc.     0-24  cc.    0-24  cc. 

0-6  cc.  of  the  diluted  antiserum  contained  0-1  cc.  antiserum. 
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The  increase  in  the  effect  of  the  pseiido-antirennet  is  more  explicable  if 
viewed  from  the  same  standpoint  as  the  changes  in  the  inhibiting  power  of 
normal  horse  serum  caused  by  dilution.  Unfortimately,  the  experiments 
made  with  the  antiserum  had  not  left  a  sufficient  quantity  for  a  determination 
of  its  [H].  Using  Sorensen's  indicator  method  it  was,  however,  found  that 
the  antiserum  was  more  alkaline  than  normal  rabbit  serum,  but  less  alkaline 
than  normal  horse  serum^  Dilutions  of  the  antiserum  therefore  have  a 
smaller  [H  ],  i.e.  a  higher  alkalinity,  than  dilutions  of  normal  rabbit  serum,  as 
the  sera  are  able  to  maintain  normal  [H  ]  even  in  high  dilutions.  As  a 
matter  of  course  the  dilutions  of  the  antiserum  therefore  must  destroy  more 
rennet  than  dilutions  of  normal  rabbit  serum. 

There  is  another  pecuUarity  in  the  inhibiting  effect  of  the  antiserum  at 
20^,  which  is  not  so  easily  explained  as  the  changes  in  the  action  of  the 
pseudo-antirennet.  As  can  be  seen  from  Tables  XIII,  No.  1,  and  XIV,  No,  1, 
the  maximum  amount  of  rennet  neutralised  by  normal  rabbit  serum  at  20°  is 
equal  to  that  destroyed  by  the  antiserum  at  the  same  temperature.  The 
velocity  of  reaction  of  the  destruction  is,  however,  very  different  for  the  two 
sera,  the  antiserum  neutralising  the  maximum  amount  in  a  very  short  time, 
normal  rabbit  serum,  on  the  contrary,  in  four  hours  only.  As  regards  the 
diluted  antiserum,  the  velocity  of  reaction  is  less  than  that  of  the  antiserum 
itself  (Table  XVI). 

Changes  in  the  velocity  of  reaction,  such  as  are  shown  by  the  antiserum, 
are  well  known  from  the  study  of  the  action  of  adsorbing  bodies  [Bayliss, 
1000].  As  was  the  case  for  the  antibody,  these  changes  are  proportional  to 
the  concentration  of  the  adsorbing  body ;  adsorption  increasing  with  the 
concentration.  The  peculiarity  of  the  inhibiting  effect  referred  to  above  is 
therefore  possibly  due  to  an  increase  in  the  concentration  of  some  substance 
in  the  serum  during  the  immunisation. 

The  researches  on  the  inhibiting  power  of  the  antiserum  here  discussed 
do  not  favour  the  belief  that  the  action  of  the  rennet  antiserum  is  of  a  special 
nature.  On  the  contrary,  they  appear  to  indicate  that  this  action  cannot 
be  due  to  the  presence  of  a  true  antibody  formed  in  the  serum  during 
immunisation. 


'  This  is  remarkable,  as  in  his  researches  on  the  [H']  of  the  normal  serum  ^lichaelis  [1914] 
points  out  tliat  changes  in  the  normal  [H']  of  the  serum  are  extremely  infrequent,  at  least  as  far 
as  an  increase  is  concerned. 
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Conclusions. 

1.  The  inhibiting  effect  of  normal  horse  serum  on  the  coagulating  power 
of  the  rennet  enzyme  is  not,  as  supposed  by  Korschun,  due  to  two  inhibiting 
substances,  the  so-called  true  antibody  and  the  pseudo-antirennet.  Neither 
can  Hedin's  explanation  of  this  effect  as  a  mere  adsorption  be  regarded  as 
fully  satisfactory. 

2.  It  can  be  shown  furthermore  that  the  [H]  of  normal  horse  serum  is 
highly  important  for  its  inhibiting  power. 

3.  Normal  rabbit  serum  shows  the  same  characteristics  in  its  effect  on 
rennet  as  normal  horse  serum. 

4.  The  inhibiting  power  of  a  rennet  antiserum  made  by  immunising 
rabbits  with  rennet  enzyme  can  hardly  be  due  to  the  presence  of  a  true  anti- 
body, as  this  serum  also  tends  to  show  the  characteristics  of  normal  horse 
serum. 

The  author  takes  the  opportunity  of  expressing  his  thanks  to 
Prof.  R.  Burri,  head  of  The  Swiss  Institute  for  Dairy  Bacteriology,  Liebefeld 
near  Berne,  who  placed  the  standardised  rennet  solution  at  his  disposal. 
He  is  also  very  indebted  to  Dr  E.  Atkin,  of  the  Lister  Institute,  for  the 
determinations  of  [H]  mentioned  in  this  paper. 
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THE  INFLUENCE  OF  TEMPERATURE,  SUBMERSION  AND  BURIAL  ON  THE 

SURVIVAL  OF  EGGS  AND  LARVAE  OF  CIMEX  LECTULARIUS. 

By  A.  W.  Bacot, 

E nfomologisf  to  the  Lister  Institute. 

These  experiments  were  performed  in  response  to  a  question  submitted  to  me  from 
the  Royal  Sanitary  Institute.  The  point  at  issue  was  the  possibility  of  eggs  of  the 
common  bed-bug,  Cimex  ledularius,  sur^aving  the  process  of  house-destruction, 
when  the  plaster  from  old  walls,  on  which  eggs  had  been  laid,  vsas  broken  down  and 
remixed  with  fresh  mortar  for  making  the  partitions  of  rooms  in  new  tenements ; 
such  survival  ha\-ing  been  given  as  an  explanation  for  previously  unoccupied  houses 
being  infested  with  bugs. 

Methods. 

The  ova  used  in  the  following  tests  were  obtained  by  placing  twenty  to  thirty 
adult  specimens  of  C.  lectuhrms  in  a  IJ-inch  glass-bottomed  entomological  box. 
The  open  top  of  the  box  was  covered  with  fine  gauze,  through  which  the  bugs  were 
allowed  to  feed  liberally  each  day.  When  feeding  was  not  in  progress  the  box  con- 
taining the  insects  was  kept  in  an  incubator  at  75^F.  A  slip  of  cloth  was  used  as  a 
lining  to  the  box  to  afford  foothold.  As  the  great  majority  of  the  eggs  were  laid  on 
the  cloth  this  plan  afforded  an  easy  means  of  dividing  up  batches  of  eggs  into  two 
or  more  lots,  so  that  controls  could  be  obtained  without  any  disturbance  to  the 
eggs.  In  order  to  get  large  numbers  for  some  of  the  experiments  the  eggs  were  in 
certain  instances  allowed  to  accumulate  for  from  three  to  five  days  before  removal. 

In  experiments  in  which  the  eggs  were  submerged  in  water  or  buried  in  sand,  those 
laid  on  cloth  alone  were  used,  but  where  the  test  was  one  of  temperature  alone,  eggs 
laid  on  the  sides  of  the  boxes  were  occasionally  utihsed.  In  the  case  of  the  experiment 
with  plaster  the  eggs  were  carefully  detached  from  the  sides  of  the  box  and  cloth  on 
which  they  had  been  laid.  Control  eggs  were  always  taken  from  the  same  batch  as 
those  experimented  with  and  all  control  eggs  were  kept  from  the  time  of  laynig  m 
an  incubator  at  75'^F. 

The  attached  table  shows  the  number  of  eggs  in  each  batch,  together  with  the  date 
of  laying.  Batches  are  lettered  from  (a)  to  (r),  and  as  the  batch  letter  is  quoted 
against  each,  experiment,  it  is  possible  to  follow  the  history  and  find  the  percentage 
hatching  in  different  portions  of  the  same  batch  which  were  subjected  to  different 
conditions. 
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Record  of  Eggs  Laid  and  Nature  of  Experiments  for   which  the  various 

Batches  were  used. 


Numbers  of 

1 

Drfig- 

Number 

Dates  between 

Numbers 
of 

Specimens 

used  in 

Experiments. 

Submergence  in 

nation 

of 
EcBS  in 

which  the  various 
Batches  were  laid. 

Control 
Speci- 

of 

'  Batch. 

Batch. 

mens. 

Cold.    Heat. 

Water. 

Wet 

Sand. 

Dry 

Sand. 

Lime 
Water. 

a 

90 

15-21  Nov.  '13     .  . 

_ 

45          45 

^_ 

_ 





b 

75 

21-23 

— 

37          38 

— 

— 

— 

— 

e 

61 

23-27 

25 

—          — 

11 

25 

— 

— 

d 

87 

27  Nov. -1  Dec.  '13 

29 

—          — 

— 

— 

58 

— 

t 

45 

1-4  Dec. '13 

15 

—          — 

30 

— 

— 

J 

93 

4-9 

15 

28          50 

— 

— 

— 

— 

J 
1 

33 

9-15      ,, 

13 

20         — 

— 

— 

— 

— 

h 

18 

24-25  March '13  .. 

4 

14         — 

— 

— 

— 

— 

1  * 

18 

25-26       „ 

2 

16         — 

— 

— 

— 

— 

j 

16 

26-27 

5 

—          — 

11 

— 

— 

— 

k 

75 

27-30       „ 

10 

46         — 

19 

— 

— 

— 

I 

32 

30-31 

12 

—         — 

20 

— 

— 

— 

m 

54 

31  Mar.-2  Apr.  '14 

20 

—          — 

— 

34 

— 

— 

n 

17 

2-3  April '14       .. 

0 

— 

11 

— 

— 

— 

,, 

70 

3-6         „ 

11 

41          — 

18 

— 

— 

— 

P 

25 

0-7 

8 

—          — 

17 

— 

— 

— 

1 

73 

7-10       „ 

13 

60         — 

— 

— 

— 

— 

r 

50 

1-6  May '14 

19 

.  ' 

— 

— 

31 

Temperature  experiments. — Ova  laid  on  cloth  were  enclosed  in  an  entomological 
box  (of  card  with  a  glass  bottom),  and  this  was  nested  in  one  of  a  larger  size  to  avoid 
anv  po.ssibiUty  of  escape.  In  cases  where  eggs  laid  on  the  sides  of  the  card  box  were 
used,  this  box  was  enclosed  in  a  larger  one. 

Submersion  experiments. — Pieces  of  cloth  on  which  the  eggs  were  laid  were  fastened 
by  one  corner  at  the  bottom  of  a  waxed  card  jar  and  water  was  then  poured  in  until 
the  eggs  were  three  or  four  inches  below  the  surface. 

Burial  in  sand. — A  card  jar  was  half  filled  with  silver  sand,  the  cloth  with  eggs 
attached  was  then  placed  on  the  surface  and  covered  v\dth  sand  to  the  depth  of  at 
least  one  inch.  For  the  wet  sand  tests  the  jar  was  flooded  with  water,  and  the  excess 
poured  off.  After  the  period  of  test  the  cloth  was  removed  from  the  sand  and  placed 
in  a  box  preparatory  to  hatcliing.  As  it  was  usually  found  that  a  few  of  the  eggs 
became  detached,  the  sand  surrounding  the  cloth  which  contained  the  missing  eggs, 
was  placed  in  a  second  box.  Washing  off  the  surface  on  which  they  had  been  laid 
had  no  effect  on  the  eggs,  which  hatched  at  the  same  time  as  those  remaining  attached 
to  the  cloth. 

Plaster. — The  plaster  of  Paris  used  in  this  experiment  was  mixed  with  Ume-water. 
The  surface  was  made  very  wet,  so  that  the  eggs  might  become  partially  embedded. 
They  were  scattered  over  the  wet  surface  and  became  too  firmly  attached  when  the 
plaster  set  to  allow  of  removal  with  a  camel's  hair  brush. 

Experiments  with  newly  liatched  hugs. — The  insects  used  in  these  experiments  were 
taken  from  among  those  hatching  in  the  control  boxes  ;   they  were  not,  therefore, 
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all  from  the  same  batch  of  eggs,  but  the  eggs  had  all  been  subjected  to  similar  con- 
ditions prior  to  hatching. 

Ova  subjected  to  cool  conditions. 

34  eggs  of  batch  {q),  kept  between  40"  and  55"  F.  (average  temperature  about 
48"  F.)  for  12  days  and  then  transferred  to  75  °F. — 32  hatched=94  per  cent.  (Control, 
92  per  cent,  hatched.) 

2G  eggs  of  batch  (q),  kept  between  40"  and  55"  F.  (average  temperature  about 
48"  F.)  for  20  days  and  then  transferred  to  75"  F. — 16  hatched    61  per  cent.   (Control, 

92  per  cent,  hatched.) 

46  eggs  of  batch  (k),  kept  between  40"  and  55"  F.  (average  temperature  about 
48"  F.)  for  31  days  and  then  transferred  to  75'  F. — 25  hatched=^54  per  cent.  (Control, 
100  per  cent,  hatched.) 

A  marked  feature  of  the  last  two  experiments  was  the  number  of  deaths  during 
the  act  of  emergence  from  the  egg ;  in  the  last  experiment  no  less  than  10  (21  per 
cent.)  failed  to  get  free  from  the  egg-shell. 

Ova  subjected  to  cold. 

20  eggs  of  batch  (/)  kept  at  28"  F.  for  6|  hours  and  then  transferred  to  75"  F. 
— 28  hatched  =  100  per  cent.     (Control,  93  per  cent,  hatched.) 

20  eggs  of  batch  (g)  kept  between  28"  and  32"  F.  for  24  hours  and  then  transferred 
to  75°  F. — 19  hatched  =  95  per  cent.     (Control,  84  per  cent,  hatched.) 

14  eggs  of  batch  (h)  kept  between  28"  and  32"  F.  for  2  days  and  then  transferred 
to  75"  F. — 13  hatched  =  93  per  cent.     (Control,  100  per  cent,  hatched.) 

16  eggs  of  batch  (?)  kept  between  28"  and  32"  F.  for  5  days  and  then  transferred 
to  75"  F.— 4  hatched  =  25  per  cent.     (Control,  100  per  cent,  hatched.) 

41  eggs  of  batch  (o)  kept  between  28"  and  32"  F.  for  8  days  and  then  transferred 
to  75°  F. — 10  hatched  =  24  per  cent.     (Control,  100  per  cent,  hatched.) 

45  eggs  of  batch  (a)  kept  between  28"  and  32"  F.  for  10  days  and  then  transferred 
to  75°  F. — none  hatched.     (Control,  see  batch  (a)  under  Heat.) 

8  eggs  of  batch  (6)  kept  between  28"  and  32"  F.  for  10  days  and  then  transferred 
to  75°  F. — 7ione  hatched.    (Control,  see  batch  (b)  under  Heat.) 

29  eggs  of  batch  (6)  kept  between  28°  and  32"  F.  for  15  days  and  then  transferred 
to  75"  ¥.—none  hatched. 

Ova  subjected  to  heat. 

45  eggs  of  batch  (a)  kept  at  98"  F.,  humidity  -25  ; — il  hatched  =  91  per  ceat. 

38  eggs  of  batch  (6)  kept  at  98"  F.,  humidity  -25  ;— 38  hatched-=  100  per  cent. 

50  eggs  of  batch  (/)  kept  at  113"  F.  ]—-none  hatched.     (Control,  93  per  cent,  hatched.) 

Ova  submerged  in  water. 

Betiveen  60"  and  63"  F. 

11  eggs  of  batch  (c)  submerged  for  26  hours— 11  hatched  =  100  per  cent.  (Control, 
96  per  cent,  hatched. 

30  eggs  of  batch  (e)  submerged  for  44hour3— 23  hatched  =  76  per  cent.     (Control, 

93  per  cent,  hatched  \ 
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18  eggs  of  batch  (o)  submerged  for  3  days — 17  hatched  =^  94  per  cent.  (Control, 
100  per  cent,  hatched.) 

19  eggs  of  batch  {k)  submerged  for  3  days — 19  hatched  =  100  per  cent.  (Control, 
100  per  cent,  hatched.) 

11  eggs  of  batch  (j)  submerged  for  5  days — 10  hatched  =  91  percent.  (Control, 
100  per  cent,  hatched.) 

Between  48°  atid  50°  F. 

20  eggs  of  batch  (l)  submerged  for  24  hours^ — IG  hatched  =  80  percent.  (Control, 
91  per  cent,  hatched.) 

11  eggs  of  batch  {n)  submerged  for  3  days — 11  hatched  =  100  percent.  (Control, 
100  per  cent,  hatched.) 

Beticeeti  28°  and  32'  F* 

9  eggs  of  batch  {p)  submerged  for  24  hours — 9  hatched  =  100  per  cent.  (Control, 
100  per  cent  hatched.) 

8  eggs  of  batch  (;))  submerged  for  48  hours— 7  hatched  =  87  per  cent.  (Control, 
100  per  cent,  hatched.) 

Lime-Water. 

50  eggs  of  batch  (r)  were  submerged  in  lime-water  (saturated  solution  of  CaH202) 
for  46  hours  at  63'  F.  and  were  then  kept  at  75°  F.  ; — none  hatched.  (Control,  100  per 
cent,  hatched.) 

Ova  buried  in  sand. 

Dry. 

58  eggs  of  batch  {d).  The  pot  in  which  the  eggs  were  buried  was  kept  in  a  shed 
without  doors,  open  towards  the  north  from  1st  to  5th  December,  1913.  Temperature 
about  43°  to  47°  F.  The  eggs  were  then  transferred  to  the  laboratory,  at  from  60° 
to  63°  F. — 58  hatched  =  100  per  cent.     (Control,  76  per  cent,  hatched.) 

Saturated. 

25  eggs  of  batch  (c).  The  pot  in  which  the  eggs  were  buried  was  kept  in  the  same 
shed  as  mentioned  above  from  27th  November  to  1st  December.  Temperature 
about  43°  to  50°  F.  The  eggs  were  then  transferred  to  the  laboratory  at  60°  to  63°  F. 
— 24  hatched  =  96  per  cent.     (Control,  96  per  cent,  hatched.) 

20  eggs  of  batch  (m).  The  pot  in  which  the  eggs  were  buried  was  kept  in  a  cool 
room  at  from  47°  to  53°  F.  for  4  days.  The  eggs  were  than  transferred  to  an  incubator 
at  75°  F.^19  hatched  =  95  per  cent.     (Control,  100  per  cent  hatched.) 

14  eggs  of  batch  (m).  The  pot  in  which  the  eggs  were  buried  was  kept  in  a  cool 
room  between  47°  and  55°  F.  for  one  week.  The  eggs  were  then  transferred  to  an 
incubator  at  75°  F.— 12  hatched  =  86  per  cent.     (Control,  100  per  cent,  hatched.) 

Ova  set  in  plaster. 

25  eggs  of  batch  (s)  were  carefully  detached  from  the  sides  and  bottom  of  the  box 
and  cloth  on  which  they  had  been  laid.  The  eggs  were  then  scattered  on  to  a  very 


*The  water  was  frozen  round  the 
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wet  plaster  surface  (gypsum,  mixed  with  a  saturated  solution  of  CaH,_,0.j)  so  that  they 
were  partially  embedded.    All  were  found  to  be  attached.     13  hatched  =  52  per  cent. 


Experiments  with  lari'al  bugs  in  1st  instar. 

Cold  conditions  ;  unfed.  7  unfed  and  2  fed  larvae  were  kept  at  between  28°  and 
32°  F.  for  2  days  ;  they  had  then  lost  power  of  movement.  After  half  an  hour  at 
63°  F.  some  had  already  recovered  their  activity.  They  w^ere  again  kept  at  between 
28°  and  32°  F.  for  5  days  and  on  examination  were,  to  all  appearances,  dead,  but  after 
4  hours  at  63°  F.  they  had  all  but  one  recovered  their  activity.  After  a  further 
subjection  to  between  28°  and  32°  F.  for  25  days  they  were  kept  at  63  °  F.,  but  no 
recovery  took  place. 

14  unfed  larvae  were  kept  at  between  28°  and  32°  F.  for  16  days  and  then  kept  at 
63°  F. ;  3  made  feeble  movements  after  2  hours,  6  w^ere  active  after  24  hours,  and 
10  were  active  after  48  hours.  The  remaining  4  made  no  movement,  but  were  prob- 
ably paralysed  rather  than  dead,  as  they  showed  no  signs  of  shrinkage  or  decay 
after  96  hours,  while  their  limbs  reacted  slightly  to  touch  ;  9  of  the  10  that  recovered 
were  alive  12  days  later. 

Cold  conditions;  fed.  13  were  allowed  to  feed  on  human  blood  and  then  kept  in  an 
entomological  box  at  between  28°  and  32°  F.  for  18  days.  They  were  then  transferred 
to  63°  F.  Only  3  showed  any  signs  of  hfe  and  one  of  these  soon  died  ;  the  remaining 
2  lived  for  15  days.  Of  these  13,  it  was  very  noticeable  that  all  those  which  fed  to 
excess  failed  to  recover.  Of  the  3  which  revived  none  had  had  a  full  meal,  and  the  2 
which  survived  longest  had  obtained  but  Uttle  food.  Death  was  not,  I  think,  due  to 
cold,  but  to  the  humidity  in  an  artificially  cooled  room.  Confinement  in  test-tubes, 
even  when  crumpled  paper  is  given  for  a  foothold,  produces  a  high  mortality  among 
young,  well-fed  bugs,  under  ordinary  laboratory  conditions  of  temperature ;  while 
confinement  in  card  boxes  under  similar  conditions  shows  no  death  rate.  Apparently 
it  is  necessary  for  bugs  to  be  able  to  get  rid  of  superfluous  moisture  rapidly  after  a 
heavy  meal,  and  this  is  inhibited  in  a  humid  atmosphere. 

Moderate  conditions ;  unfed.  38  unfed  larvae  hatched  at  60°  to  63°  F.  from  eggs 
that  had  been  buried  for  4  days  in  dry  sand  at  between  43°  and  47°  F.  (see 
experiment  page  114,  batch  {d)  )  were  kept  in  the  laboratory  at  between  60°  and 
65°  F.,  and  afford  an  excellent  example  of  the  ability  of  this  pest  to  survive  unfed 
under  favourable  conditions. 

23  were  active  after  66  davs 
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The  experiment  terminated  during  a  heat  wave,  when  the  laboratory  temperature 
was  over  70°  F. 
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XLV.  THE  APPARENT  FORMATION  OF  EU- 
GLOBULIN  FROM  PSEUDO-GLOBULIN  AND 
A  SUGGESTION  AS  TO  THE  RELATIONSHIP 
BETWEEN  THESE  TWO  PROTEINS  IN 
SERUM. 

By  HARRIETTE   CHICK. 

{From  the  Lister  Institute.) 

{Received  July  Ibth,  1914.) 

Introduction. 

A  great  difficulty  in  completely  separating  water-insoluble  protein  has 
been  the  common  experience  of  all  who  have  attempted  to  prepare  pure 
salt-free  samples  of  pseudo-globuhn.  In  the  course  of  fractionating  horse- 
serum  for  viscosity  measurements  [Chick  1914],  I  found  that,  however  care- 
fully the  euglobulin  of  the  serum  had  been  previously  separated,  the  final 
product  invariably  contained  more  or  less  water-insoluble  protein.  Haslam 
[1913]  devoted  much  attention  to  this  question  and  came  to  the  conclusion 
that  the  presence  of  the  latter  was  due  to  incomplete  removal  of  the  euglobulin 
in  the  original  serum.  This  is  to  some  extent  true,  but  my  experience  has 
led  me  to  believe  that  the  bulk  of  the  water-insoluble  material  cannot  be 
accounted  for  in  this  manner,  for  a  protein,  having  the  characteristics  of 
euglobulin,  was  found  to  increase  progressively  in  amount  as  the  purification 
of  the  pseudo-globulin  proceeded.  A  small  amount  of  water-insoluble 
protein  can  usually  be  detected  immediately  after  the  first  separation  of 
the  pseudo-globulin  by  salt  precipitation  and  this  does  appear  to  consist  of 
euglobulin  originally  present  in  the  serum.  The  comparatively  large  quantity 
(in  one  case,  Exp.  IV,  Table  III,  nearly  one-fifth  of  the  total  protein)  present 
at  the  end  of  a  lengthy  dialysis  appears,  on  the  other  hand,  to  be  derived,  at 
least  in  part,  from  a  transformation  of  the  "pseudo-globulin  itself.  The  experi- 
ments about  to  be  described  show  that,  under  certain  circumstances,  pseudo- 
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globulin  may  undergo  change  into  a  protein  possessing  the  properties  of 
euglobulin  and  suggest  that  such  may  very  Ukely  be  the  origin  of  the  euglob- 
ulin  present  in  serum. 

Origin  of  the  water-insoluble  protein  found  present  in 
pseudo-globulin. 

In  one  set  of  experiments  (Table  I)  pseudo-globulin  was  prepared  from 
diluted  horse-serum  by  the  following  method,  rapidly  executed.  Ammonium 
sulphate  was  first  added  to  one-third  ^  saturation,  the  precipitate  separated 
and  the  filtrate  brought  to  half  saturation  of  ammonium  sulphate,  this  second 
precipitate  being  pressed  free  from  mother  liquor  and  afterwards  dissolved 
in  a  small  amount  of  water.  The  presence  of  a  small  amount  of  insoluble 
protein  was  always  apparent  on  dilution,  especially  if  the  solution  were 
adjusted  to  a  definite,  slightly  acid,  reaction. 

This  insoluble  protein  we  may  regard  as  euglobulin  not  thrown  out  from 
serum  by  one  precipitation  in  one-third  saturated  ammonium  sulphate  for 
if,  in  addition  to  this  process,  as  much  as  possible  of  the  euglobuhn  is  pre- 
viously removed  by  careful  acidification  of  the  diluted  serum,  the  water- 
insoluble  protein  which  can  be  detected  in  the  precipitated  pseudo-globulin 
is  considerably  reduced  (see  Table  II). 

When  pseudo-globuHn  (horse),  after  undergoing  one  or  more  re-precipita- 
tions, is  subjected  to  a  lengthy  dialysis  to  remove  ammonium  sulphate,  it  is 
found  to  contain  a  comparatively  large  amount  of  water-insoluble  protein. 
As  a  general  rule  from  one-tenth  to  one-fifth  of  the  total  protein  is  found  to 
be  in  this  condition.  This  insoluble  material  exhibits  a  striking  likeness  to 
euglobuhn.  It  is  dispersed  by  small  quantities  of  dilute  acid  or  alkali  and 
when  first  separated  is  dissolved  by  neutral  salts,  which  latter  property,  as 
is  the  case  with  euglobulin,  becomes  impaired  with  increasing  age  of  the  pre- 
paration. 

It  has  not  been  possible  to  determine  with  certainty  the  origin  of  the  whole 
of  this  "  euglobuhn. "  One  view  is  that  it  is  derived  from  the  pseudo- 
globulin  by  some  process  of  "  denaturation  "  ^  or  degradation  taking  place 

1  "  One-third  "  and  "  one-half  "  saturation  indicate  the  concentrations  of  ammonium  sulpliate 
obtained  when  a  saturated  solution  of  ammonium  sulphate  is  added  to  t%rice  its  volume  or  an 
equal  volume  of  water. 

2  "  Denaturation  "  of  proteins  cannot  at  present  be  identified  with.any  chemical  changes  in 
the  material.  The  term  "  denaturated  "  (German,  dcnaturi'ert)  is  applied  to  proteins  possessing 
a  certain  group  of  solubility  characteristics,  including  a  total  insolubility  in  water  at  the  iso-electric 
point,  in  absence  of  electrolytes.  Solution  (dispersion)  in  water  occurs  in  the  presence  of  acid, 
alkali  or  electrolytes,  and  is  associated  with  the  acquisition  of  an  electric  charge  by  the  prot<in 
particles,  while  the  system  displays  a  high  degree  of  viscosity.     The  best-known  example  is  that 


406  H.   CHICK 

after  separation  from  the  serum  and  the  results  of  Exps.  I-IV  set  forth  in 
Tables  I-III  may,  on  the  whole,  be  said  to  support  this  view.  On  the 
other  hand,  it  may  be  urged  that  the  results  of  these  experiments  do  not 
necessarily  prove  that  dialysis  of  salt-precipitated  pseudo-globulin  is  accom- 
panied by  its  ''  denaturation,"  but  that  removal  of  all  salt  may  be  essential 
to  permit  complete  precipitation  of  any  "  denaturated  "  protein  (euglobulin) 
present  from  the  beginning.  If  this  is  the  case,  the  concentration  of  euglobuHn 
in  serum  must  be  far  higher  (two  or  three  times)  than  is  generally  believed 
and  the  usual  method  of  separation,  by  dilution  and  acidification,  very 
inadequate. 

In  order  to  throw  hght  upon  this  point,  some  experiments  were  made  in 
order  to  ascertain  with  what  degree  of  accuracy  water-insoluble  protein  can 
be  estimated  in  presence  of  salts  and  other  soluble  protein.  In  one  experiment 
euglobulin  was  mixed  with  a  sample  of  thoroughly  dialysed  pseudo-globulin 
(from  which  all  insoluble  protein  had  been  separated)  and  ammonium  sulphate 
added  ;  the  mixture  contained  0-462  %  euglobulin,  2-02  %  pseudo-globulin 
and  1-2  %  ammonium  sulphate.  The  concentration  of  insoluble  protein  was 
then  estimated  by  the  dilution  and  acidification  method  described  in  detail 
below.  The  value  obtained  Avas  0-337  %,  or  73  %  of  that  added.  The 
concentrations  of  protein  and  salt  in  the  final  acidified,  and  diluted,  solution 
were  0-048  %  and  0-024  %  respectively. 

A  second  experiment  was  made  with  a  thoroughly  dialysed  pseudo-globulin 
solution  containing  4-77  %  total  protein,  of  which  about  one-seventh  was  in 
the  "  denaturated  "  condition  and  present  as  a  precipitate.  Estimations  of 
the  insoluble  protein  present  in  10  cc.  of  the  above  solution  were  made  both 
before  and  after  addition  of  5  cc.  of  strong  ammonium  sulphate  (10-3  %). 
In  the  control,  dilution  50-fold,  the  proportion  of  insoluble  protein  was  found 
to  be  0-70  %,  in  the  presence  of  ammonium  sulphate  the  estimated'concentra- 
tion  was  only  0-23  %  and  0-26  %  when  diluted  50-fold  and  100-fold  respec- 
tively. In  this  experiment  the  final  concentration  of  protein  and  ammonium 
sulphate  was  0-10  %  and  0-093  %  respectively  in  the  50-fold  dilution  and 
half  these  amounts  in  the  100-fold  dilution.  The  proportion  of  the  total 
insoluble  protein  which  could  be  precipitated  under  these  conditions  was 
33  %  and  37  %  in  the  two  cases. 

of  proteins  which  have  been  acted  upon  by  hot  water  [see  Chick  and  Martin  1910,  1911  and  1912]. 
The  vegetable  globuhns  and  the  euglobulin  naturally  occurring  in  serum  may  be  regarded  as 
"denaturated  "  proteins  [see  Michaelis  and  Bona  1010,  2J ;  their  property  of  forming  electri- 
cally-neutral solutions  with  certain  salts  is,  however,  a  special  characteristic  not  shared  by 
heat-"  denaturated  "  proteins. 
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When  whole  horse-serum  is  diluted  ten  times,  as  is  usual  when  euglobuhn 
is  separated  from  serum,  the  total  concentration  of  protein  is  from  0-6  %  to 
0-8  %  and  that  of  sodium  chloride  from  about  0-08  %  to  0-07  %.  Under  these 
circumstances,  it  is  quite  possible  for  some  euglobulin  to  escape  precipitation 
when  the  diluted  serum  is  adjusted  to  the  iso-electric  point  of  euglobulin  by 
the  addition  of  acetic  acid.  On  the  other  hand,  it  must  be  remembered  that 
a  chloride  is  a  less  efficient  solvent  for  euglobulin  than  a  sulphate  [see 
Mellanby  1905].  Further,  there  is,  as  a  rule,  no  suggestion  of  incompleteness 
about  the  process.  The  euglobulin  usually  settles  with  comparative  ease, 
leaving  a  clear  liquid  on  top. 

The  results  of  Exp.  Ill,  Table  II  also  throw  some  light  upon  this  question. 
In  this  case  a  solution  of  pseudo-globulin  made  immediately  after  its  precipi- 
tation from  the  horse-serum  contained  5-2  %  ammonium  sulphate,  12"86  % 
total  protein,  and  only  a  trace  of  water-insoluble  protein,  when  subjected  to 
analysis  by  the  method  described  below.  Part  of  the  material  was  kept  in 
the  laboratory  as  a  control  and  part  was  dialysed,  toluene  being  present  in 
both  cases  to  prevent  decomposition.  At  the  end  of  two  months  the  water- 
insoluble  material  in  the  control  was  equal  to  8-6  %  of  the  total  protein. 
In  the  portion  which  had  been  dialysed  for  51  days  the  proportion  estimated 
was  14-1  %.  This  experiment  shows  that  water-insoluble  protein,  if  present, 
can  be  detected  in  presence  of  electrolytes  and  other  soluble  protein.  There- 
fore, a  large  proportion,  at  least  61  %  (8-6  parts  out  of  a  total  of  14'1)  of  the 
euglobulin  found  present  at  the  close  of  dialysis  must  be  regarded  as  formed 
from  the  pseudo-globulin  by  some  process  of  denaturation  taking  place  after 
separation  from  the  serum.  The  remaining  39  %  may,  on  the  other  hand, 
be  regarded  as  euglobulin  which  was  present  from  the  first,  although  it  could 
not  be  separated  in  presence  of  salt.  But,  from  the  fact  that  immediately 
after  preparation  only  a  trace  of  insoluble  protein  could  be  detected  in  the 
salt-containing  pseudo-globulin,  it  seems  probable  that  part  of  this  may  also 
be  derived  from  the  pseudo-globulin,  showing  that  the  denaturation  of  this 
protein  is  accelerated  by  dialysis. 

Experimental  methods. 

In  the  experiments  set  forth  in  Tables  I  to  III  pseudo-globulin  was  pre- 
pared in  various  ways  by  salt-precipitation  from  horse-serum,  the  details  of 
themethod  employed  being  given  at  the  top  of  each  table.  Estimations 
of  the   denaturated   protein  were  made  before,  after,  and,  in  some  cases 
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(Experiments  I  and  II,  Table  I),  during  the  dialysis,  by  determining  the 
amount  of  protein  which  was  precipitated  by  dilution  and  adjustment  to  the 
iso-electric  point. 

The  method  of  estimation  was  as  follows.  A  small  portion  of  the  material  was  taken  for  a 
preliminary  trial,  and  largely  diluted,  so  that  the  protein-content  did  not  exceed  01  or  0-2  %. 
If  fliHtrulvtes  are  present  the  dilution  should  be  as  large  as  possible.  10  cc.  of  this  diluted 
solution  were  then  placinl  in  each  of  a  series  of  test  tubes  and  various  small  quantities  of  N/ 100 
acetic  acid  added.  If  any  denaturated  protein  were  present  an  opalescence  or  slight  turbidity 
was  usually  ajiparcnt  on  mere  dilution  and,  when  the  solution  was  adjusted  to  the  isoelectric 
iK>int  of  tlic  protein  by  addition  of  the  required  amount  of  acid,  a  precipitate  was  formed  which 
aggregat«'d  and  settli-d.  The  series  of  trial  test  tubes  was  always  allowed  to  stand  several  hours 
and  the  comjxjsition  of  the  material  in  the  tube  in  wliich  the  precipitate  was  largest  and  agglutina- 
tion most  perfect  was  taken  as  the  pattern  for  the  estimation. 

5,  10,  or  15  cc.  (according  to  the  protein-content)  were  taken  for  analysis,  diluted  suitably 
and  addition  made  of  dilute  (N/10  or  N/100)  acetic  acid  in  the  amount  nccessarj'  for  complete 
precipitation  of  the  denaturated  protein  as  calculated  from  the  results  of  the  preliminary  trial. 
The  whole  was  allowed  to  stand  24  hours  and  then  ccntrifuged,  the  deposit  being  transferred  to 
a  small,  weighed,  centrifuge  tube,  spun  down  again,  washed  with  distilled  water  slightly  acidified 
and  ccntrifuged  a  third  time.  The  final  deposit  was  dried  in  the  weighed  tube  at  105°  until 
constant  in  weight. 

It  is  not  advisable  to  permit  the  estimation  to  extend  over  more  than  one  day,  as,  in  some 
ca.se.s,  tlie  denaturation  of  the  pseudo-globulin  seems  to  be  continued  at  an  appreciable  rate  in 
the  dilute  solution  and,  when  several  days  are  spent  over  the  estimation,  higher  values  are  fre- 
quently obtained. 

If  the  material  to  be  analysed  is  .slightly  acid,  small  quantities  of  dilute  ammonia  mu.st  be 
suJ)stituted  for  the  dilute  acetic  acid.  In  cases  where  the  material  has  been  dialysed  for  a  long 
time  and  the  reaction  is  approaching  that  of  the  i.so-electric  point,  dilution  with  distilled  water 
containing  about  one-thirtieth  of  its  volume  of  water  saturated  with  carbon  dioxide  is  often 
found  to  be  a  quick  and  efficient  method  of  precipitating  all  the  denaturated  protein. 

If  electrolytes  are  present,  denaturated  protein  may  be  detected  by  the  above  method,  but 
precipitation,  under  certain  circumstances,  is  incomplete  (.see  above  p.  405).  In  any  ca.se  it  is 
advi-sable  to  make  the  dilution  as  great  as  is  possible. 

The  above  method  has  been  described  in  detail,  because  the  estimation 
of  denaturated  protein  in  presence  of  other,  water-soluble,  protein  is  by  no 
means  an  easy  matter  even  in  the  absence  of  electrolytes,  the  difficulty  being 
to  ensure  complete  precipitation  of  the  former.  When  this  has  not  been 
accomplished,  faint  turbidity  can  be  detected  in  the  supernatant  fluid  after 
centrifuging  ;  in  a  successful  estimation  the  aggregation  of  the  precipitate 
should  be  complete  and  the  top  liquor  clear.  Some  of  the  earlier  values 
for  concentration  of  "  denaturated  "  proteins  given  in  Tables  I  to  III  were 
obtained  when  the  method  was  not  perfected  and  may  be  a  little  inaccu- 
rate ;  the  later  ones  were  more  satisfactory,  as  may  be  seen  in  some  cases 
where  the  results  of  duplicate  analysis  are  inserted. 

It  was  possible  that  this  water-insoluble  protein,  like  euglobulin  [Freund 
and  Joachim  1902,  Gibson  1906,  Banzhaf  1911],  might  be  thrown  out  by 
addition  of  sodium  chloride  to  saturation,  and  this  would  have  proved  a 
convenient  method  of  separation  and  estimation.     It  was  tried  in  Exp.  II, 
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Table  I,  but  without  success.  After  diluting  the  material  10-fold  and  satur- 
ating vnih  sodium  chloride  the  residual  protein  (calculated  on  the  original, 
undiluted,  material)  was  10-78  %,  the  total  being  11-12  %  ;  that  is  to  say 
only  0-34  %  protein  had  been  thrown  down.  The  concentration  of  "  de- 
naturated"  protein  as  separated  by  the  above  method  was,  however,  found 
to  be  0-96  %. 

Precipitation  by  saturated  sodium  chloride  is  of  Kttle  value  for  the  accurate 
separation  of  proteins,  the  amount  precipitated  depending,  to  a  greater 
degree  than  is  the  case  vdth  other  salts,  upon  external  conditions,  such  as 
the  total  concentration  of  protein  and  the  reaction  of  the  material.  For 
example,  on  one  occasion,  with  horse-serimi,  the  precipitate  obtained  on  satura- 
tion with  sodium  chloride  was  four  times  greater  when  the  serum  was  diluted 
1  in  10  than  when  the  dilution  was  only  1  in  2  ;  in  the  latter  case  the  higher 
concentration  of  total  protein  protected  more  than  three-quarters  of  the 
otherwise  precipitable  protein.  Further,  if  diluted  serum  is  made  shghtly 
acid  in  reaction,  the  whole  of  the  pseudo-globuhn  and  albumin  is  precipitated 
as  well  as  the  euglobulin. 

Discussion  of  Results. 

The  results  of  the  experiments  in  Tables  I-III  suggest  that  the  pseudo- 
globulin  undergoes  a  progressive  denaturation  after  its  separation  from  the 
serum.  For  example,  in  Exp.  I,  Table  I,  the  pseudo-globuhn  immediately 
after  precipitation  from  the  serum  showed  only  a  small  amount  of  water- 
insoluble  protein  capable  of  separation  by  dilution  and  adjustment  of  the 
reaction  to  the  iso-electric  point.  At  the  end  of  dialysis  for  10  and  18  days, 
however,  9-1  %  and  12-9  %  respectively,  of  the  total  protein  was  found  to  be 
in  the  insoluble  condition.  It  is  probable  that  the  ammonium  sulphate 
present  interfered  with  a  complete  separation  of  any  euglobulin  present  at 
the  beginning  of  the  experiment,  but  it  is  unlikely  that  the  difference  in 
amount  of  the  traces  of  salt  present  after  10  and  18  days'  dialysis  respectively 
could  be  responsible  for  the  large  difference  in  amount  of  insoluble  protein 
found  on  these  two  occasions. 

Experiment  IV,  Table  III  is  a  second  instance.  Here  material  dialysed 
for  five  days  against  tap  water  contained  11-1  %  denaturated  protein  ;  after 
a  further  dialysis  against  distilled  water  lasting  29  days  this  proportion  was 
increased  to  18' 1  %. 
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TABLE  I. 

Spontaneous  formation  of  eiujlobnJin  from  pseudo-globulin  at  ordinary 
temperature;  pseudo-globulin  prepared  by  half-saturation  of  'undiluted 
horse-serum  with  ammonium  snlphate,  after  separation  of  euglobulin  by 
one-third  saturation  with  ammoninm  sulphate. 


Material 

Preparwl  2.  12.  13;  rc- 
prwipitated  twice  ; 
iiiial  precipitate  dis- 
solved iu  water.  Di- 
alysed  in  presence 
<  >f  toluene  against 
distilled  water, 
ciianged  daily,  from 
->.  12.  13  to  23.  12. 
13 


Date  of 
analysis 

5.  12.  13 


Length 

of 

dialysis, 

days 


Total 
protein, 


Water- 
insoluble 
protein, 
/o 
small  amount 


G.  water- 
insoluble 

protein 

per  100  g. 

total 

protein 


Phosphorus 
per  100 

in  water- 
soluble 
fraction 


-content,  g.  P 
g.  protein 

in  water- 
insoluble 
fraction 


12. 
3. 


II.     As  in  K.vp.  1  but  not 

re-precipitated  (i.  12.  13 

2tJ.     1.  U- 

i'l)  dialy.sed  against 
•  li.st.  water  from  13. 
2.  14  to  2.';.  3.  14  3.    4.  14^ 

0.    7.  14 

(h)  as  above,  but  di- 
aly.sed against  dist. 
watersaturatcd  with 
C0._,  from  13.  2.  14 
to  25.  3.  14  26.    3.  14 


10 
18 

3 

3 


43 
43 


43 


14-56 
13-65 

11-17 
1112 


4-77 

4-77 


5-51 


1-33 
1-75 


present 
0-9G4 


0054 
0-700 


I0-G52) 
10-660) 


911 
12-9 


8-67 


13-7 
14-7 


11-9 


0-018 


0-171 


1  Kept  in  cold  room  from  23.  12.  13  until  14.  3.   14. 

-  Kept  in  cold  room  from  6.  12.  13  until  13.  2.  14  ;   dialysis  then  recommenced. 

^  Kejit  in  cold  room  from  25.  3.   14  until  9.  7.  14. 

*  Duplicate  analyses. 

TABLE   IL 

Spontaneous  formation  of  euglobulin  from  ^;sei«/o-^/o6^</m  at  ordinary 
temperature ;  pseudo-globulin  prepared  from  diluted  (1  in  20)  horse- 
serum  by  half-saturation  with  ammonium  sulphate,  after  successive 
removal  of  euglobulin  precipitates  obtained  (1)  by  acidification  of  the 
serum  (1  in  10  dilution),  and  (2)  by  one-third  saturation  of  the  serum 
(1  in  15  dilution)  with  ammonium  sulphate :  once  re-precipitated  and 
dissolved  in   a   small  quantity  of  water. 
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4i; 


Material 

Control,  immedi- 
ately after  pre- 
paration 


Date  of 
analysis 


(a)  Control,  allowed 
to  remain  at  labo- 
ratory tempera- 
ture, in  presence 
of  toluene  3.  4.  14 

(6)  Dialysed  against 
distilled  water, 
changed  daily,  in 
presence  of  tolu- 
ene from  2.  2.  14 


to  25.  3.  14 


30.  3.  14 


insoluble 

Length   Concen-  Water-      protein 

of       trationof  Total     insoluble  per  100  g. 
dialysis.    (NHj).,    protein,    protein,        total 


G.  water-     Phosphorus-content  g.  P 


days      SO4, 


14  — 


.5-23       12-86 


5-23 


51  — 


2-8fi 


4-86 


0/ 


M07 


1  Duplicate  analyse.s. 


protem 


8-61 


(0-681)       ^*^ 


per  100  g.  protein 


in  water- 
soluble 
fraction 


in  water- 
insoluble 
fraction 


0-012 


0-262 


TABLE   III. 

Spontaneous  formation  of  euglohulin  from  pseudo-globulin  at  ordinary 
temperature ;  pseudo-globulin  prepared  from  horse-serum  {diluted  1  in  4) 
by  precipitation  with  one-half  saturated  ammonium  sulphate,  this  first 
precipitate  extracted  ivith  saturated,  brine,  brine-extract  precipitated  by 
addition  of  acetic  acid  to  a  concentration  of  0"25  %-^ ;  this  second 
precipitate  drained,  pressed  and  mixed  with  washing  soda  to  a  con- 
centration of  3  %  and  dialysed  for  five  days  against  tap  water. 

G.  water-         Phosphorus-content,  g.  P 
insoluble  per  100 g.  protein 


Material 

Date  of 
analysis 

Length 

of 

dialysis, 

days 

Total 
protein, 

0 
0 

Water- 
insoluble 
protein, 

0' 

0 

protem 

per  100  g. 

total 

piotein 

in  water- 
soluble 
fraction 

in  water- 
insoluble 
fraction 

Control 

3.  3.  14 

(5)2 

11-72 

1-301 

11-10 

— 

— 

(a)    Dialysed  further 

against  dist.   water, 
changed     daily,     in 

presence  of  toluene 
from    6.    3.     14    to 
4.  4.  14 

4.  4.  14 

29  (+5) 

5-87 

1-055 

17-98 

0-0062* 

0156 

(6)  as  (a)  the  distilled 
water     being     satu- 

rated with  CO  fiom 
6.  3.  14  to  4.  4.  14 

4.  4.  14 

29  (-f  5) 

6-40 

1-161 

18-14 

00066* 

0-098 

^  Gibson's  [1906]  process. 

2  Against  tap  water. 

*  Approximate  only  (less  than  1  cc.  N/10  NaOH  neutralised). 


412  H.   CHICK 

The  results  of  Experiments  I  to  IV  also  suggest  in  every  case  that  the 
degradation  of  the  pseudo-globulin  is  approaching  a  hmit.  For  example, 
in  Exp.  II.  Table  I,  after  three  days'  dialysis  8-7  %  of  the  protein  was  found 
to  be  water-insoluble.  After  an  interval  of  more  than  two  months,  including 
a  second  dialysis  lasting  40  days,  the  proportion  had  only  risen  to  13-7  % 
and,  after  having  been  kept  in  the  refrigerator  for  a  further  period  of  over 
three  months,  to  14-7  %.  A  similar  result  is  shown  in  Exp.  I.  In  many 
cases,  the  experiments  were  continued  beyond  the  date  of  the  last  analysis 
given  in  the  tables,  and  the  denaturation  process  was  found  to  be  practically 
at  an  end.  The  degraded  material  was  separated  as  completely  as  possible 
by  a  modification  of  the  method  described  above,  and  the  clear,  top  liquor 
adjusted  to  the  iso-electric  point  of  the  denaturated  protein  and  kept  for  a 
considerable  time  in  the  cold  room  under  observation.  In  the  case  of  Exps.  Ill 
and  IV  {a  and  b),  only  a  trace  of  insoluble  material  was  deposited  after  periods 
of  two  months  and  one  month  respectively. 

Phosphorus-coxtent  of  thls  water-ixsoluble  pseudo-globulix. 

The  resemblance  between  the  denaturated  pseudo-globulin  obtained  in 
these  experiments  and  euglobulin  led  me  to  make  estimations  of  the  phos- 
phorus contained  respectively  in  the  insoluble  and  unchanged  pseudo-globulin. 

Hardy  [1905]  demonstrated  the  presence  of  phosphorus  (0-07  to  0-08  %) 
in  euglobulin  (ox-serum)  and  considered  it  to  be  one  of  the  characteristics 
marking  off  this  protein  as  a  chemical  entity.  The  pseudo-globulin  (separated 
from  the  serum  by  saturation  with  magnesium  sulphate)  he  found  to  contain 
a  trace  only  (about  0-009  %)  of  phosphorus.  Haslam  [1913]  also  found 
phosphorus  to  be  a  constant  constituent  of  euglobulin  (ox-serum),  even  after 
repeated  purification,  and  to  be  absent  from  the  purest  samples  of  pseudo- 
globulin  which  he  was  able  to  obtain.  In  consequence,  he  used  the  absence 
of  phosphorus  as  a  criterion  of  the  purity  of  pseudo-globuhn. 

In  the  present  case  phosphorus  was  determined  by  Neumann's  method, 
using  N/10  alkali  and  acid  for  the  final  titration,  the  quantity  to  be  estimated 
being  very  small.  In  some  cases  where  the  ammonium  molybdate  pre- 
cipitate was  only  just  visible  and  the  total  amount  of  standard  sodium 
hydrate  neutrahsed  less  than  1  cc,  the  values  obtained  must  be  regarded 
as  approximate  only;  such  values  are  indicated  in  the  tables  by  an 
asterisk. 

The  results  of  the  phosphorus  estimations  showed  the  resemblance  between 
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the  denatiirated  pseudo-globulin  and  euglobulin  to  be  maintained  in  this 
respect  also.  The  former  was  found  to  remove  almost  the  whole  of  the  small 
amount  of  phosphorus  contained  in  the  original  pseudo-globulin  preparation. 
In  Exp.  I,  Table  I,  the  water-insoluble  protein  at  the  close  of  the  experiment 
contained  nearly  10  times,  in  Exp.  Ill,  Table  II,  more  than  20  times,  as 
much  phosphorus  as  the  unchanged  pseudo-globulin  ;  in  both  cases  that 
present  in  the  latter  was  reduced  to  a  mere  trace.  In  Exp.  IV  the  contrast 
was  even  greater  ;  the  denaturated  pseudo-globuHn  contained  0-16  %  phos- 
phorus, while  that  remaining  with  the  soluble  protein  was  too  small  in  amount 
to  be  estimated  with  any  degree  of  accuracy. 

Two  different  explanations  might  be  advanced  to  resume  these  facts. 
According  to  the  first,  the  process  described  in  the  last  paragraph  is  merely 
the  separation  of  the  last  traces  of  phosphorus- containing  euglobulin  derived 
from  the  original  serum  and  present  from  the  beginning.  On  this  theory  the 
cessation  of  the  gradual  precipitation  of  insoluble  protein  would  naturally 
coincide  with  the  disappearance  of  the  phosphorus  originally  present  in  the 
solution.  On  the  other  hand,  we  may  regard  this  precipitate  containing 
protein  and  phosphorus,  which  gradually  makes  its  appearance,  as  the  product 
of  a  gradual  "  denaturation "  of  the  pseudo-globulin  which  requires  the 
co-operation  of  some  phosphorus-containing  body  (probably  a  serum-lipoid) 
which  is  present  in  small  quantity  in  the  preparations  employed.  When 
this  serum-lipoid  is   exhausted,   the   process  is  at   an  end. 

The  second  explanation  would  appear  to  be  the  correct  one  for  the  following 
reason.  After  the  removal  of  phosphorus  from  the  pseudo-globulin  solution, 
by  the  separation  of  the  insoluble  protein  precipitate,  addition  of  a  weak 
emulsion  of  lecithin,  in  presence  of  salt,  causes  additional  formation  of  a 
protein  resembling  euglobuKn  which  can  be  precipitated  on  subsequent 
dialysis. 

Handovsky  and  Wagner  [1911]  showed  that,  when  emulsions  of  lecithin, 
and  other  lipoids  extracted  from  serum,  were  added  to  dialysed  serum,  a 
precipitation  of  the  protein  took  place,  which  was  prevented  if  salts  were 
present.  I  have  been  able  to  confirm  these  observations.  Addition  of  a 
dilute  lecithin  emulsion  produces  only  sHght  turbidity  when  added  to  solutions 
of  pure  egg-  or  serum-albumin,  a  fact  also  noticed  by  Handovsky  and  Wagner. 
In  the  case  of  a  dialysed  pseudo-globuhn,  an  immediate  precipitation 
of  protein  takes  place,  which  is  prevented  if  a  small  concentration  of  salt 
(1  %  sodium  chloride),  acid,  or  alkah  is  present. 

I  have  prepared  artificial  euglobulin  from  pseudo-globulin  in  the  following 
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manner.  A  small  anioimt  of  a  watery  emulsion  of  lecithin  ^  was  added  to  the 
salt-free  material  obtained  at  the  close  of  Exps.  Ill  and  IV,  in  which  the 
denaturation  process  had  ceased  and  from  which  the  insoluble  protein  had 
been  separated.  An  immediate  precipitate  occurred,  which  was  prevented 
by  the  presence  of  alkali  in  minute  proportion  or  of  salt  (NaCl),  to  a  con- 
centration of  about  1  %.  On  subjecting  the  solution  to  dialysis  for  14  days 
precipitation  occurred  of  a  protein,  containing  phosphorus,  and  with  the 
characteristics  of  euglobulin. 

Suggestions  as  to  the  origin  of  euglobulin  in  serum. 

On  consideration  of  the  results  of  the  foregoing  experiments  it  seems  not 
improbable  that  euglobulin  in  serum  is  a  complex  material,  formed  from 
pseudo-globuhn  by  association  with  some  serum-lipoid,  to  the  presence  of 
which  it  owes  its  phosphorus-content. 

Hardy  [1905],  on  the  other  hand,  has  regarded  phosphorus  as  an 
integral  part  of  the  euglobuHn  molecule.  He  [1905,  p.  331]  was  unable 
to  remove  all  the  phosphorus  from  heat-coagulated  euglobulin  (ox-serum) 
by  treatment  with  strong  acetic  acid  and  subsequent  extraction  with  alcohol 
and  ether.  He  therefore  concluded  that  it  could  not  be  "  due  to  entangled 
lecithin."  Haslam  [1913,  p.  514]  found  that  extraction  of  euglobuhn  (ox- 
senim)  with  boihng  alcohol  removed  a  yellow,  fatty  substance  which  con- 
tained phosphorus,  the  proportion  of  the  latter  remaining  in  the  euglobulin 
being  reduced  to  about  one-half  the  original.  It  is,  however,  quite 
possible  that  complete  extraction  vnth  alcohol  or  ether  is  rendered  very 
difficult  by  the  state  of  aggregation  of  the  protein  and  that  if  fresh  surfaces 
could  in  succession  be  exposed  to  the  action  of  these  solvents  a  larger  propor- 
tion of  phosphorus  could  be  removed. 

In  this  connection  it  is  worthy  of  note  that  the  available  analyses  of 
euglobulin,  some  of  which  are  collected  in  Table  IV,  show  no  approach  to 
constancy  in  the  proportion  of  phosphorus  present.  Hardy  found  0-07  to 
0-08  %  phosphorus  in  euglobulin  prepared  from  ox-serum  by  dilution  and 
acidification;  Haslam  found  0-108%  and  0-105%  respectively  present  in 
two  different  samples.  In  three  specimens  prepared  by  the  same  method 
from  three  separate  samples  of  horse-serum,  I  found  0-12  %,  0-032  %,  and 
0-065  %  phosphorus  respectively. 

'  For  this  preparation  I  am  indebted  to  the  kindness  of  Dr  H.  Maclean.  The  lecithin  was 
prepared  by  his  ovm  method  [1914]  from  heart  muscle. 
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TABLE   IV. 

Phosphorus-content  of  engloluhin. 


No. 


Description  of  material  and  mode  of 
preparation  from  serum 


1.    Euglobulin 


Euglobulin 
Euglobulin 


(ox-serum)  by  dilution  and 
acidification 

(ox-serum)  by  dilution  and 
acidification 

by  dilution  and  acidification 
(horse-serum  A)  once     re-precipitated     and 
washed 

4.  Euglobulin  after  three  subsequent  re- 
(horse-serum  A)  precipitations 

5.  Euglobulin  as  (4),  but  after  extraction 
(horse-serum  A)  of  the  euglobulin  suspen- 
sion with  acetone  followed 
by  dry  ether 

Euglobulin  by  dilution  and  acidifica- 

(hnrse-serum  B)  tion,  twice  re-precipitated 
Euglobulin  by  dilution  and  acidifica- 

(horse-serum  C)   tion,  four  times  reprecipi- 
tated 


6 


Method 

G.  phosphorus 
per  100  grms. 
protein 

mean 

Authorit 

Neumann 

^:;; :  0" 

Haslam 

Carius 

0-07    1    ^ 
0-08  J    0-0  <o 

Hardy 

Neumann 

^ISr  °-  - 

Chick 

Neumann 

0-092, 
0096,    0094 

Chick 

Neumann 

0019*  ,  ^  ^^^ 
0-020  ;  0-020 

Chick 

Neumann 

0033  1 
0032,    0-032 

Chick 

Neumann 

0069'.    0-065 
0062 

Chick 

*  Less  than  1  cc.  of  N/10  NaOH  neutraUsed. 


TABLE   V. 

Proportion  of  phosphorus  contained  in  a  sample  of  ivhole  horse-serum 
in  the  various  proteins  after  separation  by  different  methods. 


No.  Material 

1.  Horse-serum  ;   whole  serum  dried  in  vacuo  at  37° 

2.  Total  proteins  of  horse-serum,  precipitated  by  dropping  into 

a  large  volume  of  absolute  alcohol ;    washed  with  alcohol 
and  ether  ;  and  dried  at  105° 

3.  Total  proteins  coagulated  in  hot  water,  coagulum  washed 

with  water,  alcohol  and  ether ;    dried  at  105° 

4.  Euglobulin  prepared  from  No.  6  by  one-third  saturation  with 

ammonium  sulphate  (re-precipitated  six  times) 

5.  Euglobulin   prepared   by  dilution   and  acidification   of  the 

orisinal  serum  (re-precipitated  four  times  and  washed  twice 
with  distilled  water) 

6.  Total  globulin,  prepared  by  one-half  saturation  with  am- 

monium sulphate  (re-precipitated  six  times) 

7.  Serum  albumin  precipitated  in  the  filtrate  from  No.  6  by  satu- 

ration with  ammonium  sulphate  (re-precipitated  five  times) 


G.  P.  per 

100  g. 
protein 

0-098  I 
0103) 

0-027    1 
0018*, 

0-004*  , 

0-008* ; 

0-071 

0-0691 
0062,1 


0-023 


0032 


and 

Mean 
0100 

0-027 

0-006* 

0-071 
0-065 

0-023 
0-032 


Approximate  only,  less  than  1  cc.  N/10  NaOH  neutralised. 
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A  further  set  of  analyses,  see  Table  V,  was  made  of  the  total  globulin, 
and  euglobulin  of  horse-serum,  as  well  as  the  total  protein  precipitated 
bv  various  methods.  The  specimens  used  were  all  prepared  by  Dr  P. 
Hartley  with  great  precautions  and  carefully  purified  and  I  am  greatly  in- 
debted to  him  for  generously  placing  this  valuable  material  at  my  disposal. 
The  results  showed  that  none  was  free  from  phosphorus.  In  some  cases  the 
proportion  contained  showed  great  variation  according  to  the  method 
employed  in  preparation  {e.g.  nos.  1,  2,  and  3,  Table  V).  The  euglobulin 
contained  the  greatest  amount  of  phosphorus,  and  the  content  was  about  the 
same  whether  precipitated  with  ammonium  sulphate  or  by  dilution  and 
acidification  of  the  serum.  This  would  indicate  that  the  phosphorus  contained 
in  euglobulin  was  in  closer  association  than  the  traces  found  present  in  the 
purified  samples  of  the  other  proteins. 

Anv  direct  evidence  regarding  the  character  of  the  union  of  phosphorus 
in  euglobulin  is  at  present  scanty,  but  the  following  results  are  Avorthy  of 
consideration.  Haslam  [1913]  was  able  to  remove  about  half  the  total 
phosphorus  from  a  sample  of  euglobulin  by  means  of  extraction  with  alcohol 
and  ether.  Absolute  alcohol  must,  however,  in  case  of  proteins  be  regarded 
as  a  powerful  reagent,  causijig  serious  changes  ;  all  are  rendered  permanently 
insoluble  if  contact  is  long  enough  and  the  temperature  is  allowed  to  rise  above 
a  low  maximum.  If  previous  to  extraction  with  ether,  acetone\  in  place  of 
alcohol,  is  employed  to  remove  the  water,  no  damage  appears  to  be  suffered. 

The  material  can  then  be  extracted  with  ether,  three  or  four  changes  being 
employed  to  remove  completely  all  acetone,  and  the  euglobulin  remaining  in 
contact  with  ether  at  room  temperature  for  one  or  two  days.  The  last  ether 
extract  being  removed,  the  euglobulin  is  shaken  up  once  more  with  ether, 
which  is  evaporated  by  pouring  the  euglobulin  suspension  on  to  a  warmed 
porcelain  basin  and  allowing  a  gentle  current  of  warm  air  to  play  over  it,  the 
whole  operation  taking  place  in  a  hot  room  (about  36°).  The  extracted 
euglobulin  is  then  obtained  as  a  fine,  white  powder,  which  is  exceedingly 
hygroscopic.  The  solvents  employed  should  all  be  carefully  purified  and 
freed   from   water. 

The  extracted  euglobulin  was  found  to  have  lost  nearly  all  its  phosphorus  ; 
on  one  occasion  it  was  reduced  to  less  than  one-quarter  of  the  original  (see 
Table  V,  original  phosphorus-content  0-094  %  ;  final  0-02  %).  It  is  possible 
that  the  care  taken  to  free  all  materials  from  water  may  accoimt  for  the 

*  Acetone  can  be  employed  to  remove  water  from  the  proteins  of  whole  serum,  without 
impairing  their  solubility  in  water. 
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large  proportion  of  the  phosphorus  removed  from  the  euglobulin  in  these 
experiments  when    compared  with    those  of  Haslam. 

The  ether-extracted  euglobuHn,  hke  that  treated  by  acetone,  was  readily 
soluble  in  water  containing  a  small  amount  of  acid  or  alkali.  Its  solubility 
in  dilute  salt  solution  was,  however,  always  found  to  be  reduced  to  a  greater 
or  less  extent.  On  one  occasion  about  13  %  was  found  to  be  soluble  in  dilute 
sodium  chloride  (0-85  %)  ,  in  most  cases  the  ether-extracted  material  was 
totally   insoluble   in  salt  solution. 

The  acetone  and  ether  extracts,  when  taken  to  dryness,  were  found  to 
contain  fatty  substances,  presumably  the  lipoids  contained  in  the  original 
euglobulin.  These  fatty  materials,  which  contained  a  considerable  pro- 
portion of  phosphorus,  amounted  in  one  instance  to  as  much  as  13"3  %  by 
weight  of  the  protein  taken  for  the  experiment.  On  one  occasion,  when 
the  extracted  euglobulin  was  rubbed  up  in  a  mortar  with  the  fatty  residue 
and  salt  solution,  the  power  of  salt  solubility  was  found  to  have  been  restored 
to  some  extent,  and  a  similar  result  was  obtained  with  petrol-extracted 
euglobulin  and  the  residue  from,  the  petrol  extract.  These  two  experiments 
were  made  with  the  same  sample  of  euglobulin.  With  a  second  sample  of 
euglobulin  the  experiment  was  unsuccessful  and  with  a  third  a  trace  only  was 
rendered  soluble  in  dilute  salt  solution  by  this  means.  In  the  case  of  the 
first,  successful,  experiment  a  large  proportion  of  the  lipoid  extracted  from 
a  comparatively  large  quantity  of  euglobulin  was  devoted  to  a  small  fraction 
of  the  treated  protein  and  this  procedure  appears  to  be  necessary  to  obtain 
any  union  and  consequent  restoration  of  salt  solubility. 

Some  experiments  with  ether-extracted  euglobulin  were  also  made  in 
which  a  lecithin  emulsion  was  substituted  for  the  fatty  substance  extracted 
from  the  euglobuhn  itself.  In  some  instances  the  lecithin- treated  material 
had  distinctly  greater  solubility  in  sodium  chloride,  in  others  little  or  no 
difference  from  the  control  could  be  demonstrated.  The  question  is  still 
under  investigation. 

The  evidence  contained  in  the  preceding  paragraphs  in  favour  of  regarding 
euglobulin  as  a  mechanical  complex  consisting  of  a  protein  (pseudo-globulin) 
and  a  lipoid  may  briefly  be  summarised  as  follows.  The  phosphorus-content 
is  quite  inconstant  and  shows  wide  variation  in  specimens  prepared  from 
different  samples  of  serum.  By  extraction  with  acetone  and  ether,  under 
certain  circumstances,  almost  all  the  phosphorus  can  be  removed  together 
with  a  small  amount  of  a  fatty  body.  By  this  procedure  the  euglobulin, 
otherwise  unchanged,  loses  its  property  of  salt  solubility,  which  characteristic 
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has,  in  some  cases,  been  restored  by  addition  of  a  lipoid  to  the  ether- extracted 
material. 

As  regards  the  nature  of  this  complex,  euglobulin  in  serum  must,  in  my 
opinion,  be  regarded  as  the  product  of  the  interaction  of  two  colloidal  systems, 
viz.  tlie  colloidal  solution  of  pseudo-globuhn  and  the  emulsion  of  some 
lipoid  present  in  the  serum.  The  process  is  not  reversible.  The  serum- 
lipoid  remains  firmly  associated  with  the  protein,  and  cannot  be  separated  by 
repeated  dispersion  and  re-precipitation,  but  can  be  removed  by  extraction 
with  acetone  followed  by  ether.  The  freed  protein  is  in  the  "  denatur- 
ated "  condition,  the  pseudo-globulin  having  apparently  undergone  this 
irreversible  change  in  the  first  instance  under  the  influence  of  the  hpoid. 

Walpole  [1914]  has  pointed  out  that,  in  some  respects,  euglobulin  shows 
analogies  with  certain  artificial  colloidal  systems  which  he  has  investigated, 
as,  for  example,  solutions  of  gelatin  to  which  suspensions  of  mastic  or  emulsions 
of  oil  have  been  added.  In  these  mixtures  of  two  colloidal  constituents  with 
widely  separated  iso-electric  points,  the  dual  nature  of  the  system  is  apparent 
in  the  want  of  accurate  coincidence  between  the  iso-electric  point  and  that 
of  optimum  flocculation.  The  same  phenomenon  has  been  demonstrated  in 
the  case  of  euglobidin  [Chick  1913]  and  may  doubtless  be  similarly  explained. 
Feinschmidt  [1912]  determined  the  iso-electric  point  of  six  samples  of  lipoid 
from  various  sources  to  lie  at  a  concentration  of  hydrogen-ions  between 
about  10"-'  and  10~''^  normal.  The  iso-electric  point  of  the  protein,  on  the 
other  hand,  is  at  a  concentration  of  hydrogen-ions  somewhere  between  10~^ 
and  10-«  normal.  [Michaehs  and  Rona  1910,  1,  Michaelis  and  Davidsohn 
1911,  Sorensen  and  Jiirgensen  1911,  Chick  and  Martin  1912.] 

The  identification  of  the  protein  in  euglobuhn  with  pseudo-globulin  is 
justified  on  chemical  grounds  by  some  recent  work  of  Hartley'.  He  has 
shown  that  on  examination  of  the  three  proteins  (euglobulin,  pseudo-globuhn 
and  albumin)  of  serum  (horse  and  ox)  by  van  Slyke's  method,  the  composition 
of  pseudo-globulin  and  euglobulin  is  found  to  be  practically  the  same  while 
a  marked  difference  exists  in  case  of  serum  albumin. 

Summary. 

1.  Pseudo-globulin,  prepared  from  diluted  serum  by  precipitation  with 
ammonium  sulphate,  the  euglobuhn  having  been  previously  removed  as  far 
as  possible  by  dilution  and  bringing  the  solution  to  the  iso-electric  point, 

1  Communicated  to  the  Physiological  Society,  Feb.  14,  1914  (Lister  Institute,  London)  and  to 
the  Biochemical  Society,  July  11,  1914  (Oxford). 
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was  always  found,  at  the  end  of  a  long  dialysis,  to  contain  large  quantities  of 
a  water-insoluble  protein,  resembling  euglobulin. 

2.  Evidence  is  adduced  to  show  that  this  insoluble  material  is  not  merely 
euglobulin  present  in  the  original  serum  and  precipitated  on  dialysis,  but  is 
largely  derived  from  the  pseudo-globulin  by  a  gradual  process  of  "  denatura- 
tion." 

3.  The  gradual  precipitation  of  the  insoluble  protein  is  accompanied  by 
a  disappearance  from  the  solution  of  the  small  amount  of  phosphorus  originally 
present  in  the  pseudo-globuhn  preparation,  after  which  there  is  no  further 
separation  of  water-insoluble  protein. 

4.  On  addition  of  a  watery  emulsion  of  lecithin  to  thoroughly  dialysed 
pseudo-globulin,  from  which  insoluble  protein  and  phosphorus  had  been 
removed  as  above,  the  "  denaturation  "  process  could  be  re-initiated. 

5.  The  presence  of  minute  amounts  of  acid  and  alkali  or  of  a  small 
concentration  of  salt  (e.g.  1  %  sodium  chloride)  prevents  the  precipitation  of 
pseudo-globulin  by  a  watery  lecithin  emulsion  but,  on  dialysis,  an  insoluble 
protein,  containing  phosphorus  and  displaying  the  properties  of  euglobulin,  is 
separated. 

6.  This  artificial  euglobulin  appears  to  be  a  mechanical  complex  resulting 
from  the  interaction  and  mutual  precipitation  of  the  two  colloidal  systems  : 
(a)  the  solution  of  pseudo-globulin  and  (6)  the  lipoid  emulsion. 

7.  It  is  suggested  that  the  euglobulin  in  serum  is  a  protein-lipoid  complex 
of  similar  origin.  In  support  of  this  view  the  following  facts  are  brought 
forward  : 

(a)  The  inconstant  phosphorus-content. 

(b)  The  readiness  vath  which  phosphorus  can  be  removed  from 
euglobuHn  by  extraction  with  acetone  and  ether,  during  which  process  the 
property  of  salt  solubility  is  lost.  This  can,  in  some  cases,  be  restored  by 
addition  of  the  extracted  fatty  substance  or  of  lecithin  to  the  extracted 
euglobulin. 

(c)  The  want  of  accurate  coincidence  between  the  iso-electric  point  of 
euglobulin  and  the  point  of  optimum  flocculation,  as  pointed  out  by  Walpole 
[1914]. 

(d)  The  similarity  in  chemical  composition  between  pseudo-globulin 
and  euglobulin,  as  shown  by  Hartley. 

In  conclusion  I  desire  to  express  my  indebtedness  to  Prof.  C.  J.  Martin, 
F.R.S.  for  valuable  criticism. 
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XL.     THE   RELATIONS   OF   VITAMINE 
TO  LIPOIDS. 

By  EVELYN  ASHLEY  COOPER,  Beit  Memorial  Research  Fellow, 

Lister  Institute. 

{Received  July  8th,  1914.) 

Although  vitamine,  i.e.  the  substance  which  prevents  beri-beri  and 
avian  polyneuritis,  has  been  shown  to  be  present  in  higher  concentration  in 
various  tissues  rich  in  lipoid,  e.g.  liver,  cardiac  muscle,  brain  (ox)  and  egg- 
yolk,  than  in  voluntary  muscle  (ox,  fish)  which  is  poor  in  lipoid  [Cooper, 
1913,  1]  it  is  now  generally  believed  that  the  active  substance  as  isolated 
from  foodstuffs  is  not  a  lipoid.  It  contains  no  phosphorus  or  carbohydrate 
[Cooper  and  Funk,  191]  ;  Funk,  1911,  1914;  Edie,  Evans,  Moore,  Simpson, 
Webster,  1912]  and  is  therefore  neither  a  phosphatide  nor  cerebroside. 
MacLean  [1912]  furthermore  showed  that  lecithin,  which  had  previously 
been  found  by  Schaumann  [1910]  to  be  slightly  curative,  had  still  less  effect 
after  purification,  and  he  concluded  that  the  anti-neuritic  substance  is  not 
a  lipoid  but  is  present  in  lipoids  as  an  impurity  extractable  by  simple  methods. 
Cooper  [1913,  2]  subsequently  found  that  Avhen  the  fats  and  lipoids  (alcoholic 
extract)  of  horse  voluntary  muscle  were  treated  with  ether  the  bulk  of  the 
anti-neuritic  substance  contained  therein  was  precipitated  and  by  a  complex 
fractionation  of  the  active  precipitate  a  substance  was  isolated,  small  doses 
of  which  readily  cured  polyneuritis  in  pigeons.  4  g.  of  the  original  alcoholic 
extract  exerted  a  rapid  curative  action  in  neuritic  pigeons,  but  after  one 
extraction  with  ether  as  much  as  12  g.  of  the  fats  and  lipoids  (ether-soluble 
fraction)  had  only  a  slight  ameliorative  effect.  More  than  66  per  cent,  of 
the  total  amount  of  active  material  present  in  the  original  extract  could  thus 
be  removed  by  simple  treatment  with  ether  and  was  thus  apparently  not 
in  chemical  union  with  the  lipoids.  Similar  results  were  obtained  when  the 
flesh  was  not  air-dried  at  30°  before  extraction  with  alcohol  [Cooper,  1913,  1]. 
This  showed  that  the  anti-neuritic  substance  was  not  split  off  from  a  lipoid 
complex  during  the  process  of  air  drying. 

The  above  facts  however  do  not  exclude  the  possibility  that,  although 
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the  anti  iKMiritio  substance  is  preformed  in  the  diet,  in  the  nervous  system 
it  in  part  becomes  chemically  combined  with  other  substances  to  form  a 
lipoid. 

Experiments  on  similar  lines  have  therefore  been  carried  out  with  cardiac 
muscle  and  brain,  and  the  results  obtained  are  set  forth  in  the  present 
communicatioii.  The  work  with  heart  muscle  was  undertaken  primarily 
with  the  object  of  isolating  a  sufficient  amount  of  the  anti-neuritic  substance 
for  a  studv  of  its  chemical  nature,  the  cardiac  muscle  being  substituted 
for  voluntarv  muscle  on  account  of  its  higher  content  of  active  material 
(Cooper,  1913,  1]. 

It  must  first  be  pointed  out  however  that  according  to  Vedder  and 
Williams  [1913J  dry  and  wet  beri-beri  are  caused  by  a  deficiency  in  the 
dietary  of  distinct  substances.  In  birds  as  a  rule  only  dry  beri-beri  occurs, 
and,  although  infantile  beri-beri  is  almost  exclusively  of  the  wet  type,  no 
signs  of  this  condition  were  observed  by  the  author  even  in  very  young 
chickens  fed  on  polished  rice.  In  this  paper  we  are  therefore  only  concerned 
with  the  substance  which  prevents  and  cures  dry  beri-beri  and  avian  poly- 
neuritis. 

I.    Preparation  of  an  anti-neuritic  substance  from  cardiac  muscle. 

150  lbs.  of  ox-heart  were  minced,  dried  at  30°  by  means  of  an  electric 
fan,  ground,  and  thoroughly  extracted  with  95  %  alcohol.  The  filtered 
extract,  from  which  the  alcohol  was  removed  by  evaporation  vn  vacuo,  was 
treated  with  an  excess  of  ether,  and  the  material  precipitated  possessed 
marked  anti-neuritic  properties,  0-2  g.  given  orally  rapidly  curing  pigeons 
affected  with  pf)lyneuritis.  The  procedure  subsequently  followed  was  a 
modification  of  that  employed  in  the  fractionation  of  horse-flesh  and  is  briefly 
described  below. 

The  ether-insoluble  precipitate  was  taken  up  with  95  %  alcohol  which 
di.s.solved  a  considerable  amount  of  material.  The  insoluble  residue  contained 
both  inorganic  and  organic  matter,  but  was  inactive.  The  soluble  fraction 
however  was  strongly  curative  and  was  next  treated  with  excess  of  ether, 
which  completely  precipitated  the  anti-neuritic  substance.  The  precipitate 
was  dissolved  in  water  and  allowed  to  stand  in  a  vacuum  desiccator  for  several 
days.  A  white  crystalline  substance  slowly  separated,  but  this  had  no 
curative  action.  The  supernatant  liquor  was  then  treated  with  basic  lead 
acetate  until  no  more  precipitate  was  formed.  As  in  the  case  of  horse-flesh, 
the  active  substance  was  not  precipitated  by  this  reagent,  and  the  filtrate 
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possessed  marked  curative  properties.  So  far  the  method  was  identical 
with  that  employed  in  the  case  of  horse-flesh,  but  at  this  stage  a  departure 
from  the  original  process  was  made.  It  was  found  in  the  previous  work  that 
the  addition  of  silver  nitrate  after  the  lead  acetate  precipitation  only  partially 
precipitated  the  curative  substance.  This  manipulation  was  therefore 
postponed  in  the  subsequent  technique  with  the  object  of  ascertaining  what 
influence  intermediate  fractionations  might  have  upon  the  precipitability 
of  the  substance  by  the  silver  salt.  The  lead  acetate  filtrate  after  the  removal 
of  excess  of  lead  by  dilute  sulphuric  acid  was  therefore  evaporated  m  vacuo 
and  the  concentrated  solution  treated  with  excess  of  95  per  cent,  alcohol. 
By  this  procedure  some  material  was  separated,  but  all  the  anti-neuritic 
substance  remained  in  solution.  The  filtrate  was  evaporated  to  a  syrup 
and  treated  with  acetone,  which  precipitated  practically  all  the  active  sub- 
stance. The  filtrate  possessed  only  slight  curative  properties,  whilst  0-15  g.  of 
the  precipitated  substance  given  orally  rapidly  cured  pigeons  aft'ected  with 
polyneuritis.  The  substance  was  insoluble  in  benzene,  ether,  and  chloro- 
form, but  dissolved  readily  in  water.  The  aqueous  solution  was  next  treated 
with  silver  nitrate  solution,  which  however  still  only  precipitated  a  portion 
of  the  active  substance,  and  the  latter  could  furthermore  only  be  partially 
precipitated  from  the  filtrate  by  the  addition  of  baryta.  The  first  precipitate 
(with  silver  nitrate  only)  was  decomposed  with  dilute  hydrochloric  acid  and 
silver  nitrate  again  added  to  the  filtered  solution.  On  this  occasion  the 
substance  was  not  precipitated  to  any  appreciable  degree  and  the  filtrate 
was  strongly,  curative.  The  filtrate  after  removal  of  excess  of  silver  as  the 
chloride  was  concentrated  in  vacuo  and  was  then  treated  with  acetone. 
A  substance  was  thereby  precipitated,  0-04  g.  of  which  given  orally  quickly 
cured  polyneuritis  in  pigeons  whilst  0-008  g.  cured  by  subcutaneous  injection. 
The  filtrate  from  the  third  precipitate  (obtained  with  silver  nitrate  and  baryta) 
was  concentrated  and  treated  with  95  per  cent,  alcohol,  and  a  substance 
was  precipitated,  0-04  g.  of  which  given  orally  also  cured  polyneuritis.  The 
manipulations  are  set  forth  schematically  below. 

Acetone-insol.  fraction. 
AgXO, 


i  I 

Ppt.  I.  Filtrate,  I. 


AgXO;.  AgNO,- Baryta. 


I  I  I 

Ppt,  II.  Filtrate  11.  Ppt.  III.  Filtrate  III. 

i  I 

Acetone  Ppt.  Alcohol  Ppt. 
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(The  thick  lim-s  represent  the  main  course  of  the  active  substance 
during   the   fractionations.) 

The  substances  separated  in  the  above  way  from  filtrates  II  and  III 
and  the  solution  obtained  by  decomposition  of  precipitate  III  were  now 
combined  and  treated  with  Oo  per  cent,  alcohol,  which  precipitated  a  small 
amount  of  material  possessing  no  curative  properties.  The  filtrate  was 
evaporated  and  acetone  added.  This  caused  the  precipitation  of  a  sub- 
stance (5  p.)  (I-04  g.  of  wliith  administered  orally  readily  cured  neuritic 
pigeons.     The  lilt  rate  was  only  slightly  curative. 

On  standing  a  few  days  in  a  sulphuric  acid  desiccator  the  substance 
however  ceased  to  have  any  curative  action,  and  even  large  doses  only  pro- 
longed the  lives  of  neuritic  birds.  It  was  thus  of  little  interest  to  carry  out 
a  chemical  analysis  of  the  substance. 

It  is  evident  therefore  that  the  anti-neuritic  substance  is  extremely 
labile  and  with  the  chemical  methods  at  present  at  our  disposal  its  isolation 
will  prove  a  very  difficult  matter.  Further  work  must  be  carried  out  to 
ascertain  the  conditions  favourable  to  the  existence  of  the  active  substance. 
For  this  reason  and  also  on  account  of  cost  it  is  doubtful  if  highly  purified 
preparations  will  be  of  nmch  therapeutical  value. 

An  inexpensive  method  however  of  preparing  a  non-toxic  highly  curative 
solution  suitable  for  use  in  the  treatment  of  human  beri-beri  was  described 
in  a  previous  communication  [Cooper,  1914,  2]. 

11.     The  rel.\tions  of  Vitamine  to  Lipoids. 

The  curative  power  of  the  original  alcoholic  extract  of  cardiac  muscle 
was  determined  before  and  after  treatment  with  ether.  It  was  found  that 
about  3  g.  of  the  extract  readily  cured  polyneuritis  in  pigeons,  but  after 
the  extract  was  treated  with  ether  1  to  8  g.  of  the  fats  and  lipoids  (ether- 
soluble  fraction)  had  little  or  no  curative  action.  The  small  amount  of  active 
substance  still  retained  by  them  could  not  be  removed  by  a  second  extraction 
with  ether,  but  by  treating  the  ether-soluble  fraction  with  acetone  the  phos- 
phatides were  precipitated  and  as  much  as  10  g.  had  not  the  slightest  effect 
upon  neuritic  jHgeons.  These  observations  support  the  conclusion  of 
MacLean  (p.   347). 

Different  observations  however  were  made  in  the  case  of  brain.  13  kilos. 
of  ox-brain  were  minced,  dried  at  30'^  for  16  hours,  and  extracted  with 
alcohol   on   the  shaking  machine.     The  filtered   extract  was  concentrated 
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in  vacuo  to  remove  the  alcohol,  and  when  dry  weighed  730  g.  The  extract 
was  next  treated  with  excess  of  ether,  which  precipitated  100  g.  of  a  white 
substance.  0-6  g.  of  this  rapidly  cured  polyneuritis  in  pigeons,  but  0-4  g. 
had  only  a  slight  action. 

This  fraction  from  brain  was  less  curative  than  the  corresponding  fractious 
from  voluntary  muscle  and  cardiac  muscle,  0-'2g.  of  which  was  quite  sufficient 
to  bring  about  recovery.  It  also  differed  from  the  voluntary  muscle  pre- 
parations in  not  being  completely  soluble  in  water.  The  ether-soluble 
fraction  from  brain,  on  the  other  hand,  unlike  the  analogous  fractions  from 
muscle,  possessed  marked  curative  properties,  2-3  g.  being  sufficient  to  cure 
pigeons  affected  with  polyneuritis.  The  fats  and  lipoids  still  retained  their 
activity  even  when  extracted  three  times  with  ether. 

On  treating  the  ether-soluble  fraction  with  acetone  however  the  active 
substances  were  present  in  the  acetone-soluble  fraction,  1-3  g.  of  which 
readily  cured,  and,  as  was  observed  in  the  case  of  cardiac  muscle,  the  pre- 
cipitated phosphatides  in  doses  of  5  to  10  g.  possessed  no  detectable  curative 
power.  The  phosphatides  had  no  curative  effect  even  after  hydrolysis 
with  5  per  cent,  sulphuric  acid,  a  process  which  does  not  affect  the  active 
substance.  This  shows  that  the  negative  results  were  not  due  to  the  in- 
digestibility  of  the  lipoids. 

Similar  results  were  obtained  wdien  alcoholic  extracts  of  sheep-brain 
and  egg-yolk,  were  treated  with  ether.  There  would  thus  appear  to  be 
present  in  brain  and  egg-yolk  an  ether-  and  acetone-soluble  substance  which 
possesses  a  rnarked  affinity,  chemical  or  adsorptive,  for  vitamine,  and  which 
may  function  as  a  carrier  in  the  living  organism. 

The  residues  left  after  extracting  the  ox-  and  sheep-brain  with  alcohol 
were  retained,  and  experiments  carried  out  to  ascertain  to  what  extent  the 
anti-neuritic  substance  contained  in  brain  was  extracted  by  alcohol. 

13  kilos,  of  the  ox-brain  yielded  1680  g.  of  residue  after  exhaustion  with 
alcohol.  It  was  previously  found  [Cooper,  1914,  1]  that  the  addition  of 
6  g.  of  ox-brain  to  the  polished  rice  diet  (l/20th  body- weight  ration  daily) 
was  sufficient  to  prevent  polyneuritis  in  pigeons  for  at  least  50  days. 

Two  pigeons  were  therefore  fed  daily  on  the  above  ration  of  polished 
rice  and  an  amount  of  the  brain  residue  equivalent  to  12  g.  of  brain  (1-5  g.). 
Both  birds  developed  polyneuritis  in  30  days.  It  is  evident  from  this  result 
that  the  greater  part  of  the  anti-neuritic  substance  contained  in  ox-brain 
is  extracted  by  95  per  cent,  alcohol. 

1900  g.  of  the  sheep-brain  yielded  238  g.  of  alcohol-insoluble  material. 
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It  waa  previously  observed  [Cooper,  1913,  1]  that  the  addition  of  about  8  g. 
of  sheep-brain  to  a  l/20th  body-weight  ration  of  polished  rice  daily  prevented 
polyneuritis  in  pigeons  for  50  days.  Three  pigeons  were  therefore 
fed  daily  on  the  above  ration  of  rice  and  an  amount  of  the  brain  residue 
equivalent  to  1")  g.  of  the  original  brain  (2  g.).  All  the  birds  developed 
polyneuritis  within  30  days.  As  in  the  case  of  ox-brain,  the  bulk  of  the 
anti-neuritic  substance  is  evidently  extracted  along  with  the  fats  and  lipoids 
by  95  per  cent,  alcohol. 

It  having  been  demonstrated  that  brain  phosphatides  when  purified 
possessed  no  curative  power,  experiments  were  next  carried  out  to  ascertain 
if  the  anti-neuritic  substance  were  more  firmly  combined  with  certain  other 
constituent-s  of  brain.  Cholesterol  prepared  by  crystallisation  from  an  acetone 
extract  of  brain  was  first  tested  on  neuritic  pigeons,  but  1  g.  was  found 
to  exert  no  curative  action. 

1  kilo,  of  ox-brain  was  next  minced  and  without  drying  repeatedly  ex- 
tracted with  absolute  alcohol  at  40°.  The  extract  was  filtered  and  kept  at 
0'  for  12  hours.  By  that  time  a  yellowish  precipitate  (protagon)  separated 
out.  This  was  filtered  oft"  and  washed  with  cold  alcohol,  the  residue  weighing 
15  g.  2  to  5  g.  of  this  deposit  however  had  no  eft'ect  at  all  upon  neuritic 
pigeons. 

5  g.  were  then  treated  with  ether.  The  insoluble  residue  (3  g.)  containing 
cerebroside  (cerebrone)  had  no  curative  action,  and  kephalin  (1  g.)  precipitated 
from  the  ethereal  extract  by  the  addition  of  absolute  alcohol  also  proved  to 
be  inactive.  The  original  alcoholic  extract  after  removal  of  the  "  protagon  " 
was  concentrated  in  vacuo,  and  the  residue  treated  with  ether.  As  before, 
the  precipitate  was  curative.  It  was  extracted  with  absolute  alcohol  at 
0°,  and  the  undissolved  substance  (1-5  g.)  containing  cerebrosides  was  again 
inactive.  The  alcohol-soluble  fraction  was  concentrated  in  vacuo  and  when 
dry  weighed  5  g.  This  was  highly  curative,  0-25  to  0-5  g.  being  adequate 
to  cure  polyneuritis. 

The  original  ether-soluble  fraction  containing  the  phosphatides  and  fats 
of  the  brain  was  freed  from  ether  and  treated  with  acetone.  The  precipitated 
phosphatides  were  dissolved  in  a  little  chloroform  and  again  reprecipitated 
with  acetone.  The  phosphatides  in  doses  of  from  4  to  8  g.  were  inactive 
but  1  to  2-5  g.  of  the  acetone-soluble  fraction  readily  cured  pigeons,  thus 
confirming  the  observations  detailed  earlier  in  the  paper. 

This  work  was  then  repeated  on  a  larger  scale,  3  kilos,  of  ox-brain  being 
used.     Similar  results   were  obtained,   protagon   (even   when   hydrolysed) 
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kephalin,  cerebrone,  and  the  phosphatides  again  being  found  to  be  ineffective 
when  given  to  neuritic  pigeons  in  approximately  the  above  mentioned 
doses. 

The  failure  of  protagon,  kephalin,  cerebrone,  cholesterol  and  phosphatides 
to  cure  polvneuritis  is  of  interest  in  relation  to  the  researches  of  Stepp 
[1909,  1911,  1913]  who  has  found  that  food  extracted  with  alcohol-ether  is 
deleterious  to  the  health  of  mice,  and  that  the  harmful  effect  of  the  diet  is 
not  checked  by  the  addition  of  lecithin,  cholesterol,  kephalin,  cerebrone, 
and  phytin.  When  however  egg-yolk  or  alcoholic  extiacts  of  egg-yolk  or 
brain  are  added  the  animals  remain  healthy.  Of  these  substances  choles- 
terol, kephalin,  and  cerebrone  as  stated  above  do  not  contain  vitamine, 
and  lecithin  [MacLean,  1912  ;  Cooper,  1913,  2]  and  phytin  [Schaumann, 
1910  ;  Cooper  and  Funk,  1911]  when  purified  are  also  practically  free  from 
the  active  substance. 

Egg-yolk  and  alcoholic  extracts  thereof  on  the  other  hand  contain 
the  essential  substance  [Cooper,  1913,  1],  as  also  do  alcoholic  extracts  of 
brain  [Funk,  1912  ;  Cooper,  1913,  2].  It  is  therefore  probable  that  the 
harmful  effects  of  diets  consisting  of  food  extracted  with  alcohol-ether 
is  due  not  to  the  deficiency  in  the  diets  of  lipoids,  but  to  a  deficiency  of 
vitamine  which  is  extracted  by  alcohol  along  with  the  lipoids. 

The  main  conclusion  that  emerges  from  these  observations  is  that 
vitamine  does  not  apparently  enter  into  the  constitution  of  the  lipoids  of 
the  brain,  but  may  possibly  be  stored  therein  until  required  in  the  nutrition 
of  the  nervous  system. 

To  what  extent  lipoids  can  adsorb  the  active  substance  from  an  aqueous 
medium  is  a  point  to  be  settled  by  further  experiment.  Meanwhile  it  may 
be  noted  that  asbestos  (Ural)  does  not  appreciably  adsorb  vitamine  from 
solutions  of  autolysed  yeast  (acid  reaction). 

Summary. 

1.  Although  infantile  beri-beri  is  almost  exclusively  of  the  wet  type, 
young  chickens  fed  on  polished  rice  develop  symptoms  of  the  dry  form 
only,  like  adult  birds. 

2.  A  method  is  described  for  the  preparation  from  cardiac  muscle 
of  a  substance  small  amounts  of  which  cure  polyneuritis  in  pigeons.  The 
substance  however  was  extremely  unstable  and  lost  its  activity  iu  a  few  days 
after  isolation. 

3.  As  in  the  case  of  voluntary  muscle,  the  bulk  of  the  anti-neuritic 
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substance  contained  in  the  fats  and  lipoids  (alcoholic  extract)  of  cardiac 
muscle  can  be  separated  therefrom  by  means  of  ether. 

4.  In  the  case  of  brain,  however,  the  anti-neuritic  substance  can  only 
be  partially  precipitated  from  the  alcoholic  extract  by  treatment  with  ether, 
but  can  be  entirely  removed  from  the  phosphatides  by  the  subsequent  addi- 
tion of  acetone.     An  explanation  of  this  is  offered. 

5.  Purified  brain  phosphatides  possess  no  curative  power  even  after 
hydrolysis  with  acid.  This  shows  that  their  inability  to  cure  polyneuritis 
is  not  due  to  incomplete  digestion. 

6.  Protagon  (even  when  hydrolysed),  kephalin,  cholesterol,  and  cerebroue 
similarlv  have  no  curative  action. 

7.  The  bulk  of  the  anti-neuritic  substance  contained  in  sheep-  and  ox- 
brain  can  be  extracted  by  95  per  cent,  alcohol. 

Conclusion. 

The  results  show  that  vitamine  does  not  enter  into  the  constitution  of 
the  lipoids  of  brain  and  muscle,  but  may  possibly  be  adsorbed  in  the  lipoids 
and  so  stored,  until  required  by  the  organism. 

It  would  thus  appear  that  the  deleterious  effect  of  lipoid-free  diets 
observed  by  Stepp  is  due  not  to  the  deficiency  of  lipoids,  but  to  the  mechani- 
cal removal  of  vitamine  during  the  alcohol-ether  extractions. 

I  desire  to  express  my  best  thanks  to  Dr  Hugh  MacLean  for  kindly  help 
in  the  course  of  this  investigation. 

REFERENCES. 

Cooper  (1913,   1).     J.  Hyg.,  12,  436. 

—  (1913,  2).     Biockem.  J.,  7,  268. 

—  (1914,  1).     J.  Hyg.,  14,   11. 

—  (1914,    2).     Biochem.    J.,    8,    250. 
Cooper  and  Funk  (1911).     Lancet,  2,  1266. 

Edie,  Evans,  Moore,  Simpson,  Webster,  (1912).     Biochem.  J.,  6,  234. 
Funk  (1911).     ./.  Physiol,  43,  395. 

—  (1912).     J.  Physiol,  45,  75. 

—  (1914).     J.   Physiol,  48,   228. 
MacLean  (1912).     Biochem.  J.,  6,  355. 
Schaumann  (1910).     Arch.  Schiffs.  Tropenhyg.,  14,  8. 
Stepp  (1909).     Biochem.  Z.,  22,  452. 

—  (1911)  Zeilsch.  Biol,  57,  135. 

—  (1913).     Zeitsch.  Biol,  62,  405. 

Vedder  and  Williams  (1913).     Philippine  J.  Science,  8,  175. 


Iv'-^ 


CCVI. — The     Volumetric    Estimation    of     Carbon    in 
Alijyhatic  Substances  in  the   Wet   Way. 

By  Egerton  Charles  Grey  (Beit  Memorial  Research  Fellow). 

The  original  method  of  estimating  carbon  in  the  wet  way  by 
heating  the  substance  with  potassium  dichromate  and  sulphuric 
acid  or  with  chromic  acid,  with  which  the  names  of  Rogers, 
Brunner  Ullgrens,  and  Classen  are  associated,  is  described  by 
Fresenius  ("Anleitung  zur  quantitativen  Chemische  Analyse"). 
The  substance  was  at  first  heated  with  the  chromic  acid  mixture 
in  a  stream  of  air,  but  later  Classen  introduced  a  reflux  condenser, 
whereby  the  distillation  of  water  was  prevented,  and  also  traces 
of  volatile  chromium  compounds.  The  method  has  been  chiefly 
employed  in  the  analysis  of  soils  (Wolff,  "Anleitung  zur  chemischen 
Untersuchung  landwirtschaftlich  wichtiger  Stoffe "),  and  for 
carbon  in  steel  and  iron  (Blair,  /.  Amer.  Ghem.  Soc,  1896,  18, 
223).  In  the  case  of  soils,  however,  the  method  gave  low  results 
(Warington  and  Peak,  T.,  1880,  37,  617,  and  Cameron  and 
Breazeale,  /.  Amer.  Chem.  Soc,  1903,  26,  29),  which  have  been 
variously  attributed  to  the  formation  of  carbon  monoxide, 
acetaldehyde,  acetic  acid,  and  other  substances  not  completely 
oxidised. 

It  has  been  most  generally  assumed  that  low  results  are  due  to 
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carbon  monoxide,  but  although  und'=ir  certain  conditions  this  gas 
may  be  formed,  its  production  can  certainly  be  avoided  in  the  case 
of  aliphatic  substances  by  using  a  proper  excess  of  oxidising  agent. 
On  the  other  hand,  it  is  more  likely  that  the  low  results  observed 
by  many  workers  were  due  to  acetic  acid,  which  substance  is 
attacked  only  with  great  difficulty  by  the  chromic  acid  mixture. 

In  the  present  communication  a  method  is  described  for  the 
estimation  of  the  total  carbon  in  aliphatic  substances,  which 
depends  on  the  gasometric  measurement  of  carbon  dioxide, 
followed  by  the  determination  of  the  acetic  acid  in  the  residual 
fluid,  and  it  is  shown  that  the  method  gives  accurate  results. 

The  apparatus  employed  is  very  similar  to  that  already  described 
by  Blair,  but  mercury  is  used  in  the  place  of  the  salt  solution 
employed  by  that  author.  This  form  of  apparatus,  in  which  the 
solution  of  the  substance  is  allowed  to  boil  in  contact  with  the 
oxidising  agent  until  completely  oxidised  either  to  carbon  dioxide 
or  to  a  mixture  of  carbon  dioxide  and  acetic  acid,  is  clearly  better 
in  principle  than  the  method  in  which  the  products  are  allowed 
to  escape  from  the  sphere  of  the  reaction  in  a  partly  oxidised 
condition. 

Messinger  {Ber.,  1890,  23,  2756)  overcame  the  difficulty  of  in- 
complete oxidation  by  allowing  the  vapours  from  the  chromic  acid 
mixture  to  pass  through  a  combustion  tube  containing  red-hot 
copper  oxide,  and  lead  chromate  and  potassium  dichromate  have 
also  been  employed  in  the  same  way  (Hall,  Miller,  and  Marmu, 
T.,  1906,  89,  595),  but  the  introduction  of  these  modifications 
deprives  the  method  of  all  its  original  simplicity. 

The  author  has  devoted  his  attention  to  this  method  chiefly  with 
the  object  of  applying  it  to  the  estimation  of  substances  of  bio- 
logical importance,  such  as  the  alcohols  and  amino-acids,  for  which 
accurate  methods  are  not  available.  The  estimation  of  acetic  acid, 
as  well  as  of  carbon  dioxide,  makes  the  method  of  general  applica- 
tion to  all  aliphatic  substances  which  are  likely  to  occur  in  bio- 
logical fluids,  and  the  method  has  a  further  valuable  application 
in  the  accurate  estimation  of  alcohol  and  other  volatile  substances 
in  dilute  solutions. 

The  method  has  a  great  advantage  in  that  it  throws  light  on 
the  constitution  of  the  substance  at  the  same  time  as  it  determines 
the  percentage  of  carbon,  for  the  titre  of  the  acetic  acid  indicates 
the  number  of  methyl  groups  in  the  compound;  thus  ethyl  alcohol 
IS  oxidised  practically  quantitatively  to  acetic  acid ;  propionic  acid, 
and  Its  derivatives,  lactic  acid  and  alanine,  yield  acetic  acid  corre- 
sponding witii  two  carbon  atoms  out  of  three,  whereas  rhamnose 
yields  two  atoms  of  carbon  out  of  the  six  in  the  form  of  acetic 
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acid.     In    each    case   the   methyl    group,    together    with  the    next 
adjacent  carbon  atom,  forms  acetic  acid. 

Ethyl  alcohol,  CHs'CHo-OH  — >  CHs'COsH. 

Alanine,  CH3-CH(NHo)-C0oH  ->  CHg-COaH  +  CO.,. 

Rhamnose  (/sodulcitol),  CH3-CH(OH)-[CH-6h]3«CHO  -^ 

CH3-C02H  +  4COo. 

A  small  amount  of  acetic  acid  is  at  the  same  time  oxidised  to 
carbon  dioxide,  so  that  the  value  for  the  latter  is  greater  than 
would  theoretically  be  the  case  if  the  whole  of  the  methyl  group, 
together  with  the  next  adjacent  carbon  atom,  were  converted  into 
acetic  acid.  The  excess  of  carbon  dioxide  formed  in  this  way  is 
greatest  when  the  oxidising  fluid  contains  least  water. 

In  the  place  of  chromic  acid,  which,  it  seems,  is  always  used 
with  phosphoric  acid,  potassium  dichromate  has  been  used  in  this 
work.  It  has  many  advantages  over  chromic  acid  apart  from  its 
being  free  from  impurities,  since  it  may  be  weighed  out  and  intro- 
duced into  the  flask  much  more  conveniently  than  chromic  acid. 
Moreover,  only  by  using  potassium  dichromate,  and  avoiding  the 
dilution  of  the  oxidising  medium  by  water,  has  it  been  found 
possible  to  effect  the  complete  oxidation  of  carbamide. 

It  should  be  noted  that  the  weight  of  material  used  for  the 
analysis  in  many  cases  is  considerably  less  than  that  generally 
employed  for  a  dry  combustion,  and  the  method  is  certainly 
readily  adaptable  to  microchemical  analysis. 

With  most  substances  the  oxidation  is  complete  in  from  fifteen 
to  thirty  minutes,  but  others,  such  as  carbamide  and  succinic  acid, 
require  longer,  it  being  necessary  to  continue  the  heating  for  three 
hours.  The  operation  requires,  however,  only  a  few  minutes' 
actual  attention,  and  two  flasks  with  reflux  condensers  may  be 
quite  conveniently  attached  to  the  one  gas  analysis  apparatus,  so 
that  two  analyses  may  be  carried  out  concurrently. 

Experimental. 

The  apparatus  employed  is  figured  below.  The  gases  are 
collected  in  the  reservoirs  rather  than  directly  in  the  gas-measuring 
burette  for  several  reasons.  It  will  suffice  to  mention  that  in  this 
way  two  flasks  may  be  used  in  conjunction  with  the  one  burette, 
and,  moreover,  the  burette  itself  is  kept  free  from  any  traces  of 
chromate  which  occasionally,  although  rarely,  pass  into  the  gas- 
collecting  apparatus  when  the  gases  are  swept  out  of  the  flask 
with  the  hot  water. 

Details  of  the  Manipulation. — Fifteen  grams  of  potassium 
dichromate  are  introduced  into  the  flask  Ay  which  has  a  capacity 
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of  about  75  c.c,  and  to  this  is  added  15  c.c.  of  phosphoric  acid 
(D  1-75).  The  flask  is  then  attached  to  the  reflux  condenser  B 
(internal  tube  30  x  1  cm.),  which  is  in  communication  through  a 
capillary  tube  with  the  reservoir  C.  The  tap  of  the  funnel  F, 
after  having  been  smeared  with  phosphoric  acid,  is  closed,  and  heat 
is  applied  to  the  flask  A,  the  three-way  tap  g  being  turned  so  as 
to  put  C  in  communication  with  B,  the  vessel  L  being  at  the  same 


time  lowered.  About  4  c.c.  of  the  fluid  to  be  examined  is  now 
introduced  into  the  funnel  F  (it  is  most  convenient  to  weigh  out 
the  fluid  from  a  bent  pipette),  and  as  soon  as  the  potassium 
dichromate  has  mostly  dissolved,  and  the  chromic  acid  been  set 
free,  the  solution  is  gradually  allowed  to  be  drawn  into  A.  The 
funnel  is  then  washed  out  into  the  flask  with  a  few  c.c.  of  water, 
followed  by  phosphoric  acid,  which  is  added  to  prevent  the  dilution 
of  the  oxidising  fluid. 
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The  heating  is  now  continued  for  about  thirty  minutes,  unless 
carbamide  or  succinic  acid  is  present,  when  three  hours  is  neces- 
sary. At  the  end  of  this  time  the  flame  is  removed,  the  water 
allowed  to  run  out  of  the  condenser,  and  the  residual  gases  in  the 
flask  are  displaced  by  introducing  hot  water  which  has  been  boiled 
to  remove  carbon  dioxide,  into  the  flask  A,  through  the  funnel  F, 
a  lower  pressure  having  been  created  within  the  flask  by  lowering 
the  vessel  L.  The  tap  g  is  closed  as  soon  as  the  hot  water  is  seen 
in  the  capillary  connecting  B  and  C.  The  sample  of  gas  may  now 
be  drawn  into  the  measuring  burette  by  lowering  M  and  opening  /. 
The  adjustment  to  atmospheric  pressure  is  made  approximately  by 
levelling  with  the  mercury  manometer  tube  H,  and  the  fine  adjust- 
ment is  made  by  putting  the  gas  into  connexion  with  the  potassium 
hydroxide  of  the  Hempel  bulbs.  The  measurement  of  the  carbon 
dioxide  is  then  carried  out  in  the  ordinary  way. 

When  methyl  groups  may  be  present  in  the  substance  to  be 
examined,  the  fluid,  including  that  in  the  inner  tube  of  the  reflux 
condenser,  is  transferred  when  cold  to  a  distilling  apparatus,  and 
distilled  in  steam  in  an  atmosphere  free  from  carbon  dioxide. 

The  distillation  in  steam  requires  special  precautions.  The 
steam  is  generated  by  boiling  distilled  water  treated  with  baryta, 
and  to  prevent  minute  traces  of  phosphoric  acid  being  carried  over 
into  the  distillate,  the  steam,  after  passing  through  the  boiling 
acid  solution,  is  made  to  pass  through  a  second  flask  before  being 
condensed.  The  lower  tube  of  the  condenser  passes  through  a 
doubly  bored  rubber  stopper  into  the  neck  of  a  large  separating 
funnel,  which  acts  as  a  receiver  for  the  condensing  fluid,  and  is 
protected  from  the  access  of  atmospheric  carbon  dioxide  by  means 
of  a  soda-lime  tube  connected  to  a  glass  tube  passing  through 
the  second  hole  of  the  rubber  stopper.  In  this  way,  when  fluid  is 
withdrawn  from  the  funnel,  air  free  from  carbon  dioxide  takes  its 
place. 
'  The  results  obtained  with  certain  representative  aliphatic  sub- 
stances are  given  below.  Results  with  fatty  acids  of  high  mole- 
cular weight  will  be  reserved  for  a  later  communication. 

It  must  be  mentioned  that  the  phosphoric  acid  employed  con- 
tained organic  impurity,  so  that  an  allowance  of  from  1-5  to 
2-6  c.c.  of  carbon  dioxide  had  to  be  made  in  each  experiment, 
according  to  the  length  of  heating.  Inasmuch  as  the  amount  of 
carbon  dioxide  produced  from  the  phosphoric  acid  varies  with  the 
time  of  heating,  it  is  of  advantage  previously  to  heat  the  phos- 
phoric acid  with  a  little  chromic  acid  for  some  hours  under  a  reflux 
condenser.     A  large   amount   of   phosphoric    acid   may   be  readily 
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treated  in  this  way,  and   its  use  is  of  advantage,  especially  when 
working  witli  very  small  amounts  of  material. 
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General  Conclusions. 

Aliphatic  substances  can,  in  general,  be  oxidised  to  carbon 
dioxide,  or  to  a  mixture  of  carbon  dioxide  and  acetic  acid,  by 
using  potassium  dichromate  and  phosphoric  acid. 

A  volumetric  method  is  described  for  the  estimation  of  total 
carbon  which  is  based  on  the  estimation  of  these  two  products, 
the  carbon  dioxide  being  determined  gasoraetrically  and  the  acetic 
acid  by  titration. 

The  method  described  is  particularly  useful  when  the  substance 
is  already  dissolved,  and  also  in  the  case  of  volatile  substances. 
A  further  advantage  is  that,  at  the  same  time,  an  indication  is 
given  as  to  the  number  of  methyl  groups  in  the  chain. 

Since,  under  the  conditions  of  the  experiment,  ethyl  alcohol  is 
practically  quantitatively  oxidised  to  acetic  acid,  the  method  will 
be  particularly  of  value  in  the  determination  of  small  concentra- 
tions of  alcohol,  where  the  error  on  the  specific  gravity  method  is 
great.  Moreover,  alcohol  could  be  determined  in  the  presence  of 
any  compounds  which  oxidise  qnantitatively  to  carbon  dioxide, 
such  as  sugars  and  polyhydric  alcohols,  without  the  necessity  of 
separation  by  distillation.     In  a  concentration  of  0-5  per  cent.,  and 
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using  only  4  c.c.  of  the  jBluid,  a  determination  of  alcohol  may  be 
made  by  this  method  with  au  error  of  less  than  1  per  cent. 

The  discussion  of  the  applications  of  this  method  to  the  analysis 
of  mixtures  of  two  fatty  acids  or  alcohols,  as  well  as  to  the  deter- 
mination of  formates,  will  be  reserved  for  a  subsequent  com- 
munication. 

In  conclusion,  I  would  express  my  thanks  to  Professor  Arthur 
Harden,  F.R.S.,  for  help  and  criticism. 

The  Lister  Institute, 

LOKDON. 
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Recent  investigations  have  shown  that  serum  albumin  and  serum  globulin 
exhibit  well  marked  differences  in  chemical  composition.  Abderhalden  [1903, 
1905]  working  with  the  proteins  of  horse  serum  found  that  albumin  yielded 
no  glycocoU  on  hydrolysis,  while  globulin  gave  3-5  %  of  this  amino  acid. 
Haussmann  [1899]  and  Giimbel  [1904]  studied  the  albumin  of  horse  serum 
by  Haussmann's  nitrogen  distribution  method  and  Gibson  [1912]  using  the 
same  method  determined  the  nitrogen  distribution  in  the  pseudo-globulin 
from  horse  serum.  The  results  obtained  by  these  three  authors  show  that 
albumin  contains  a  greater  proportion  of  basic  or  diamino  nitrogen  than 
globulin.  Bywaters  and  Tasker  [1913]  determined  the  sulphur  and  carbo- 
hydrate content  of  the  albumin  and  globulin  of  horse  serum.  They  found 
that  albumin  contains  about  2  %  of  sulphur  and  0-25  %  of  carbohydrate, 
while  globulin  yields  less  sulphur  (1-17  %)  and  more  carbohydrate  (3-23  %). 
They  also  demonstrated  the  presence  of  phosphorus  in  globulin  but  could 
find  none  in  albumin. 

The  globulin  occurring  in  serum  is  of  two  kinds,  viz.  euglobulin  and  pseudo- 
globulin.  The  physical  properties  and  solubilities  of  these  two  substances 
are  very  different,  and  recently  evidence  has  been  brought  forward  to  show 
that  they  differ  also  in  chemical  composition.  Hardy  [1905]  was  the  first 
to  show  that  globulin  contained  phosphorus.  He  was  unable  to  prepare  a 
phosphorus-free  globulin  by  extraction  with  alcohol  and  ether  and  concluded 
that  the  phosphorus  of  globulin  is  not  due  to  entangled  lecithin.     Hardy  also 
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succeeded  in  preparing  an  osazone  from  the  insoluble  phosphorus-containing 
globulin  but  failed  to  do  so  from  the  soluble  phosphorus  free  globulin. 
Haslani  [1912,  1913]  prepared  pseudo-globulin  free  from  phosphorus  and 
showed  that  euglobulin  contains  about  0-1  %  of  phosphorus,  about  half  of 
which  he  was  able  to  extract  by  means  of  alcohol  and  ether.  Hardy  and 
Haslam  worked  with  the  proteins  of  ox  serum. 

In  the  experiments  described  in  this  paper  the  different  proteins  of  ox 
and  horse  serum  have  been  prepared  and  their  chemical  composition  has  been 
determined  by  the  method  of  protein  analysis  recently  introduced  by  van 
Slyke  [1911].  This  method  has  the  advantages  of  yielding  approximately 
quantitative  results  and  requiring  the  use  of  relatively  small  quantities  of 
material,  and  indicates  the  nature  of  the  nitrogenous  products  resulting  from 
complete  acid  hydrolysis.  The  whole  proteins  of  the  serum,  the  albumin, 
the  total  globulin,  the  pseudo-globulin  and  the  euglobulin  have  been  prepared 
in  as  pure  a  condition  as  possible.  Each  protein  w^as  finally  obtained  in  the 
dry  condition  and  weighed  quantities  of  the  air-dried  preparations  were 
analysed.  Duplicate  analyses  were  carried  out  in  all  cases  in  which  sufficient 
material  was  available.  Details  of  the  preparation  of  the  various  proteins 
and  the  figures  obtained  in  the  analyses  of  the  same  are  recorded  at  the  end 
of  the  paper. 

Results. 

The  proteins  of  ox  serum  were  studied  first.  Unfortunately,  the  amount 
of  pure  protein  available  was  not  sufficient  in  any  case  for  duplicate  analyses 
to  be  carried  out,  and  in  one  case  (viz.  the  euglobulin  prepared  from  ox  serum 
by  one-third  saturation  with  ammonium  sulphate)  only  2-5  g.  of  material 
were  used.  After  hydrolysis  the  solution  employed  for  analysis  in  this 
instance  contained  235  milligrams  of  nitrogen  :  of  this,  only  52  milligrams 
were  present  as  diamino  nitrogen  and  the  determination  of  the  four  diamine 
acids  was  carried  out  on  this  small  quantity.  On  account  of  the  small  amount 
of  material  used,  less  confidence  is  felt  in  the  result  of  this  particular  analysis 
than  in  the  others.  It  has  been  found  by  experience  that  the  analysis  of 
proteins  by  van  Slyke's  method  is  conveniently  carried  out  on  solutions 
containing  about  400  milligrams  of  nitrogen  ;  in  the  case  of  the  serum  proteins 
such  solutions  contain  about  100  milligrams  of  diamino  nitrogen.  In  the 
case  of  the  proteins  of  horse  serum  larger  quantities  of  material  were  prepared 
and  in  three  cases  enough  material  was  available  for  duplicate  analyses  to 
be  carried  out. 
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The  results  of  the  analysis  of  the  difEerent  proteins  of  ox  and  horse  serum 
are  summarised  in  the  following  tables  : 

TABLE    I. 


Summary  of  the  analyses  of  the  different  proteins  of  ox  seru 
■percentages  of  the  total  nitrogen. 
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TABLE    II 

Summary 

of  the  analyses  of  the 

different  proteins  of 
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2-9 

Sum      . .          . .  ] 

00-80 

100-50 

L  00-30 

100-3 

99-80 

99-6 

Discussion  of  Results. 

From  a  consideration  of  the  figures  given  in  the  two  preceding  tables  it 
is  evident  that  the  composition  of  serum  albumin  is  very  different  from  that 
of  any  of  the  globulins.  Albumin  yields  on  hydrolysis  a  greater  proportion 
of  diamino  acids  than  the  globulins,  a  result  which  is  in  agreement  with  those 
obtained  by  Haussmann  [1899],  Giimbel  [1904]  and  Gibson  [1912],  who  used 
the  nitrogen  distribution  method  devised  by  Haussmann.     Further,  albumin 
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yields  a  greater  proportion  of  cystine  than  globulin.  In  the  case  of  ox  serum 
albumin  3-5  %  of  the  total  nitrogen  occurs  as  cystine,  while  the  average  for 
the  four  globulins  is  1-8  %.  The  corresponding  figures  for  the  albumin  and 
globulin  from  horse  serum  are  3-1  %  and  1-7  %.  The  results  for  cystine  are 
in  agreement  with  those  of  Abderhalden  [1903,  1905],  who  obtained  a  greater 
amount  of  cystine  from  albumin  than  from  globulin,  and  of  Bywaters  and 
Tasker  [1913],  who  found  that  the  sulphur  content  of  albumin  is  greater  than 
that  of  globulin.  Estimations  of  the  lysine,  arginine,  and  histidine  content 
of  the  serum  proteins  have  not  hitherto  been  carried  out.  From  the  figures 
given  above  for  these  amino  acids  it  is  clear  that  in  the  case  of  both  sera 
examined  the  albumin  differs  from  the  globulins  in  containing  a  much  larger 
amount  of  lysine.  It  is  also  to  be  observed  that  albumin  yields  a  smaller 
amount  of  ammonia  and  melanin  on  hydrolysis  than  the  globulins. 

Other  experimental  evidence  regarding  the  lysine  content  of  albumin  and 
globulin  has  been  obtained.  Van  Slyke  and  Birchard  [1914]  determined  the 
free  amino  nitrogen  of  a  number  of  proteins  and  showed  that  on  treatment 
with  nitrous  acid  in  van  Slyke's  apparatus  for  half  an  hour  the  volume  of 
nitrogen  gas  evolved  corresponded  to  one  half  the  lysine  nitrogen  of  the  protein. 
Similar  experiments  have  been  carried  out  with  the  albumin  and  globulin 
prepared  from  ox  serum.  It  was  found  that  albumin  yielded  about  twice  as 
much  nitrogen  as  globulin  on  treatment  with  nitrous  acid  and  that  in  each 
case  the  nitrogen  obtained  was  almost  exactly  one  half  the  lysine  nitrogen 
of  the  respective  proteins.  Full  details  of  these  experiments  will  be  published 
shortly. 

The  marked  difference  in  composition  of  the  proteins  of  the  serum  is  of 
interest  when  considered  with  reference  to  the  question  of  the  conversion  of 
albumin  into  globulin,  a  change  which  according  to  Moll  [1904,  1906]  occurs 
when  serum  is  heated  for  an  hour  at  60°  after  the  addition  of  a  little  dilute 
alkali.  Gibson  [1912]  and  Bywaters  and  Tasker  [1913]  brought  forward 
evidence  which  showed  that  albumin  solutions  treated  in  the  manner 
described  by  Moll  yielded  a  protein  which  is  not  identical  with  naturally 
occurring  globulin  and  Abderhalden  [1903,  1904]  showed  that  globulin  yields 
glycocoll  on  hydrolysis  while  albumin  does  not.  The  figures  given  in  the 
above  tables  show  other  important  differences  in  the  chemical  composition  of 
albumin  and  the  globulins  of  serum,  particularly  a  striking  difference  in  the 
relative  amounts  of  lysine.  When  the  whole  of  the  evidence  dealing  with 
the  ch'^'mical  nature  of  the  serum  proteins  is  considered  it  is  not  easy  to 
understand  the  mechanism  of  the  process  by  which  such  simple  treatment 
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of  one  protein  can  lead  to  the  formation  of  another  possessing  such  a  widely 
different  chemical  composition. 

The  figures  obtained  in  the  analyses  of  the  different  globulins  indicate 
that  these  substances  are  very  similar  in  chemical  composition.  Euglobulin 
was  prepared  by  two  methods  :  (1)  by  the  method  of  Panum  [1851].  and  (2) 
from  the  pre\nously  prepared  and  purified  "  total  globulin^  "  by  one-third 
saturation  with  ammonium  sulphate.  A  portion  of  this  "  total  globulin  " 
was  set  aside  for  analysis  and  the  remainder  was  separated  into  pseudo- 
globulin  and  euglobulin  by  repeated  salting  out  with  ammonium  sulphate. 
Analysis  of  these  different  globulin  preparations  by  the  method  of  van  Slyke 
failed  to  reveal  any  notable  differences  in  chemical  composition.  The  agree- 
ment is  particularly  close  in  the  case  of  the  globulins  prepared  from  horse 
serum.  In  the  case  of  the  ox  serum  globulins,  the  euglobulin  prepared  by  one- 
third  saturation  ^•ith  ammonium  sulphate  shows  a  slightly  higher  ammonia' 
and  lower  histidine  nitrogen  value  than  the  other  three,  but  in  other  respects 
the  agreement  is  fairly  close.  As  pointed  out  above,  the  analytical  errors  in 
this  particidar  estimation  are  probably  greater  than  in  the  other  cases  as  the 
analysis  was  carried  out  on  a  much  smaller  quantity  of  material.  Larger 
quantities  of  this  protein  were  prepared  from  horse  serum  and  the  figures 
obtained  on  analysis  are  almost  identical  with  those  obtained  for  the  pseudo- 
globulin  and  the  "  total  globulin."' 

The  compositions  of  the  different  globulins  are  of  interest  when  considered 
in  connection  with  the  recent  work  of  Chick  [1914].  She  suggests  that  the 
relationship  between  euglobulin  and  pseudo-globulin  is  a  very  close  one,  and 
that  under  certain  conditions  pseudo-globidin  may  undergo  a  process  of 
"  denaturation  "  whereby  a  substance  is  formed  the  properties  of  which  are 
very  similar  to  those  of  euglobulin.  She  suggests  that  this  artificial  euglobulin 
may  be  a  mechanical  complex  resulting  from  the  interaction  and  mutual 
precipitation  of  two  colloidal  systems  (viz.  pseudo-globulin  solution  and 
lipoid  emulsion)  and  that  the  euglobulin  of  serum  may  be  a  protein-lipoid 
complex  of  similar  origin.  The  evidence  brought  forward  in  this  paper 
regarding  the  composition  of  these  two  proteins  lends  support  to  the  idea 
that  euglobulin  may  be  related  to  pseudo-globulin  in  some  such  way  as  Chick 
suggests.  The  conversion  of  pseudo-globulin  into  euglobulin  is  a  process 
which,  on  chemical  grounds,  would  be  more  easily  understood  and  more 
capable  of  explanation  than  the  conversion  of  albumin  into  globulin. 

'  The  term  "  total  globulin  ' '  refers  to  the  protein  precipitated  from  the  diluted  -etum  by 
half  saturation  with  ammonium  sulphate.     It  consists  of  pseudo-globulin  and  euglobulin. 
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Experimental  Details. 

Preparation  of  the  different  sennn  proteins. 

Euglobulin  was  prepared  by  the  method  of  Paniim  [1851J,  and  also  by 
means  of  ammonium  sulphate.  Albumin,  total  globulin,  and  pseudo-globulin 
were  prepared  by  salting  out  with  ammonium  sulphate.  The  albumin  and 
globulin  were  first  separated  by  half  saturation  with  ammonium  sulphate. 
The  serum  was  diluted  with  four  volumes  of  distilled  water  and  an  equal 
volume  of  saturated  ammonium  sulphate  solution  added.  The  precipitated 
globulin  was  eentrifuged  off  and  the  solution  containing  the  albumin  was 
saturated  with  powdered  ammonium  sulphate.  The  albumin  was  filtered  off, 
dissolved  in  distilled  water,  and  the  albumin  solution  brought  to  a  volume 
equal  to  that  of  the  original  diluted  serum.  An  equal  volume  of  saturated 
ammonium  sulphate  solution  was  added,  the  precipitated  globulin  was 
filtered  off,  and  the  solution  containing  the  albumin  was  again  saturated  with 
powdered  ammonium  sulphate.  The  albumin  was  dissolved  and  reprecipi- 
tated  five  times  in  all.  The  albumin  solution  was  always  brought  to  the 
same  volume  as  that  of  the  original  diluted  serum  before  the  addition  of  the 
saturated  ammonium  sulphate  solution. 

The  total  globulin  of  the  serum  was  dissolved  and  reprecipitated  five 
times  in  the  case  of  ox  serum  and  six  times  in  the  case  of  horse  serum.  The 
globulin  after  each  precipitation  was  dissolved  in  distilled  water  and  the 
solution  was  diluted  until  the  volume  was  the  same  as  that  of  the  original 
diluted  serum.  A  portion  of  the  total  globulin  was  then  set  aside  for  analysis 
and  the  remainder  was  separated  into  euglobulin  and  pseudo-globulin  by 
Haslam's  method  [1913].  Each  globulin  was  dissolved  and  reprecipitated 
five  times  in  the  case  of  ox  serum  and  six  times  in  the  case  of  horse  serum 
globulin. 

The  different  proteins  prepared  as  described  above  were  finally  dissolved 
in  distilled  water  and  dialysed  against  running  tap  water  until  free  from 
ammonium  sulphate.  The  aqueous  solutions  of  the  different  proteins  were 
evaporated  to  dryness  in  a  modified  form  of  the  apparatus  described  by 
Martin  [1896],  a  dropping  funnel,  the  exit  tube  of  which  was  drawn  out  to 
a  fine  capillary,  being  substituted  for  the  Berkefeldt  filter.  The  bath  con- 
taining the  two  drying  bottles  was  maintained  at  a  temperature  of  40°  and 
the  larger  bottle  which  acts  as  a  receiver  was  immersed  in  ice.  The  dried 
proteins  obtained  in  this  way  were  reduced  to  a  fine  powder  and  analysed. 
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Euglobulin  was  also  prepared  by  the  method  of  Panum  [1851].  The 
serum  was  diluted  ten  times  \vith  distilled  water  and  normal  acetic  acid  added 
in  sufficient  amount  to  precipitate  the  euglobulin.  The  amount  of  acetic 
acid  necessarv  for  complete  precipitation  was  previously  determined  by  tests 
on  small  quantities  of  the  diluted  serum.  After  standing  overnight  the  clear 
supernatant  fluid  was  decanted  and  the  precipitated  euglobulin  centrifuged. 
It  was  purified  by  being  dissolved  in  a  minimum  and  measured  quantity  of 
decinormal  sodium  hydrate  and  reprecipitated  by  the  addition  of  an  exact 
equivalent  of  decinormal  acetic  acid.  This  process  was  repeated  four  times 
and  the  euglobulin  was  finally  washed  twice  in  the  centrifuge  tubes  with 
distilled  water. 

A  sample  of  the  original  serum  was  dried  in  Martin's  apparatus. 

Methods  of  Analysis. 

In  carrying  out  the  analyses  of  the  difierent  serum  proteins  the  experi- 
mental conditions  were  kept  as  constant  as  possible.  From  four  to  five  grams 
of  material  were  boiled  with  80  cc.  of  20  %  hydrochloric  acid  and  the  rate 
of  hydrolysis  was  followed  by  testing  samples  of  the  fluid  at  intervals  in  van 
Slyke's  apparatus.     The  hydrolysis  was  continued  for  20  to  22  hours. 

After  hydrolysis  of  the  protein  the  excess  of  hydrochloric  acid  was  removed 
in  vacuo  and  the  hydrolysed  material  washed  into  a  250  cc.  flask.  Duplicate 
quantities  of  20  cc.  of  the  solution  were  used  for  the  determination  of  the 
total  nitrogen,  and  200  cc.  of  the  solution  were  used  in  all  cases  for  analysis. 
The  sum  of  the  ammonia  nitrogen,  melanin  nitrogen,  total  nitrogen  of  the 
filtrate,  and  the  total  nitrogen  of  the  bases  (the  last-named  being  determined 
in  two  parts)  should  be  the  same  as  the  amount  originally  present,  as  deter- 
mined separately  in  the  20  cc.  portions.  The  experience  gained  in  the  study 
of  these  serum  proteins  shows  that  with  the  exercise  of  ordinary  care  through- 
out the  course  of  the  analysis  it  is  not  difficult  to  recover  the  whole  of  the 
nitrogen. 

In  separating  the  diamino  acids  from  the  monamino  acids  the  same 
amount  of  phosphotungstic  acid  (15  g.)  was  used,  and  the  precipitation  was 
carried  out  at  a  volume  of  200  cc.  in  all  cases^  After  the  addition  of  the 
phosphotungstic  acid  the  mixture  was  heated  on  the  water  bath  until  most 
of  the  precipitate  had  redissolved,  and  after  cooling  to  room  temperature  the 
vessel  was  allowed  to  stand  for  48  hours  in  the  cold  room.  The  precipitate 
of  the  bases  was  washed  with  an  ice-cold  solution  of  phosphotungstic  ^cid  in 
hydrochloric  acid,  120  to  140  cc.  of  solution  being  used. 
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TABLE    TIL 
Details  of  observations. 
Total  X  Ammonia  Melanin 


Cystine 


Arginii 


>Iatenal 

A.  Ox  *Jnini 

1.  (A)  WTiole  protein 

(p)  Whole  protein 

2.  Albumin 

3.  Total  globulin 

4.  Pseudo-globulin 

5.  Euglobulin 

(NHJjSO^  method 

t).   Euglobulin 

Panum"s  method 

B.  Horse  serum 

7.  {ai  Whole  protein 

(61  Whole  protein 

8.  (ai  Albumin 
{bjk  Albumin 

9.  (am  Total  globulin 
(&I  Total  globulin 

10.   P  Kudo-globulin 


Quan- 
tity 
taken 
g. 

4 
4 

4 

4 

4 

2-6 


CO.  cc.         g.  N  cc.  g.  N 

N/10       g.  X  per     X/10         per  N/10  per 

acid  per         200-     acid  per      200       acid  per       200 


II.   f 


\2.    I 


)  Euglobulin 
NH,)jSO,  method 
)   EuglobuUn 
^^'HjjSO,  method 
"globulin 
anum's  method 


5-04 
4-95 

4 
4 

4 
4 

5 

4-59 
4-62 

4-5 


20  cc. 

24-2  1 
24- 1  I 
24-5  I 
24-6/ 

27-9  I 
280 ) 

26-5  I 
26-41 

27-21 
27-21 

16-8  I 
16-8/ 

28-05  I 
28-50/ 


330) 
32-9/ 
33-0) 
33-2/ 

29-5  I 
29-5/ 
29-4  I 
29-7/ 

28-4] 
28-2/ 
29-2  I 
29-4/ 

35-7  1 
35-6/ 

32-3  I 
32-3  / 
32-8  I 
32-9/ 

29-51 
29-5/ 


cc.  200  cc.        cc.  200  cc.         cc. 

0-3381  16-9  00237        3-8  0-0053 

0-3437  17-6  00246  4-0  0-0056 

0-3913  16-2  0-0277  3-3  0-0046 

0-3703  20-4  0-0286  5-5  0-0077 

0-3808  20-5  0-0287  5-2  0-0073 


g.  g.  N  cc. 

BaSO^  per  N/10 

per  200  acid  per 

40  cc.  cc.  100  cc. 


0-0240  0-0072  6-2  0 

0-0209  0-0063  6-1  0 

0-0380  0-0114  6-7  0 

0-0170  0-0051  6-7  0 

0-0160  0-0048  6-8  0 


0-2352   15-6   00218    3-5    0-0049    0-0075    0-0022   4-3    0 


0-3958   22-7   00318    7-0    0-0098    0-0102    0-0031   7-7 


0-0245  0-0073  7-3 

0-0241  0-0072  7-3 

0-0341  0-0102  6-85 

0-0345  0-0103  6-7 

0-0170  0-0051  5-2 

0-0115  0-0034  5-2 

0-0203  0-0061  7-4 

00176  0-0053  6-3 

0-0162  0-0048  60 

0-0159  0-0048  6-4 


0-4613 

23-7 

0-0332 

5-6 

0-0078 

0-4634 

24-3 

0-0340 

50 

0-0070 

0-4130 

19-8 

0-0277 

31 

0-0043 

0-41.37 

19-5 

00273 

2-9 

00041 

0-3962 

22-6 

00316 

0-4 

0-0090 

0-4102 

23-1 

00323 

6-9 

0-0097 

0-4991 

27-5 

0-0385 

7-8 

0-0109 

0-4522 

26-1 

0-0365 

7-3 

0-0102 

0-4599 

25-7 

0-0360 

7-6 

0-0106 

0-4130 

23-6 

0-0330 

6-9 

0-0097 
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Fotal  N  of  Bases 


TABLE    III. 

Details  of  observations. 

Amino  X  of  Bases  Amino  N  of  Filtrate        Total  X  of  Filtrate 


CO.  N/10  acid 

per  100  CO. 

+  arginine  g.  N  cc.  N 

titration         per  200  cc.  per  40  cc. 


g.N 

per 

200  cc. 


cc.  X  per 
200/15  cc. 


g.  N  cc.  N/10  g.  N 

per  acid  per  per 

200  200/6  200 

cc.  cc.  cc. 


Total  N 

recovered 

g.  per 

200 


35-2 
350 

48-1 

341 

33-5 

18-8 
37-1 


0-0985      22-1;  16°;  768  mm.       0-0648 
0-0980      22-5;  18°;  765  mm.       0-0651 

0-1347      310;  16°;  774  mm.       0-0916 


22-6  I 
22-7  1 
22-7  1 
22-9/ 

18-2  I 
18-4  ) 


;  17=;  760      0-1962 
;  16°;  768       0-2005 

;  15°;  7741      0-2172 


0-0955   18-7;  17°;  763  mm.   0-0542   26-3;   19°;  762   0-2265 

0-0938   19-2;  18°;  764  mm.   0-0555   27-8  f'  ^'^°'  "^"^^   0-2400 

16-1 1 
0-0526   10-6;  15°;  764  mm.   0-0310   16-0 1;  15°;  764   0-1415 

16-2! 

'0-0  1 
0-1039      19-5;  16°;  764  mm.       0-0568       20-3    '  ^^°'  '''^^'     0-2349 


24-6  I 
24-7/ 
25-45) 
25-50/ 

20-61 
20-7/ 

28-0  I 
28-4  I 

29-9  I 
29-9/ 

18-31 

18-1/ 

22-01 
21-8) 


0-2071 

0-3346 

0-2140 

0-3422 

0-2313 

0-3933 

0-2394 

0-3712 

0-2512 

0-3810 

0-1529        0-2322 


0-2453        0-3908 


46-5 

0-1302 

29-5; 

45-8 

0-1282 

29-2 ; 

48-25 

0- 1.351 

31-6; 

47-2 

0-1321 

31-3; 

33-2 

0-0930 

20-8; 

32-7 

0-0916 

20-9 ; 

43-3 

0-1212 

25-8; 

37-1 

0-10.39 

22-8; 

38-4 

01075 

23-4; 

35-5 

0-0994 

21-9; 

22°;  770  mm.  0-0843 

21°;  765  mm.  0-0832 

17°;  766-5  mm.  0-0184 

17°;  766-5  mm.  0-0182 

20°;  770  mm.  0-0600 

20";  764  mm.  0-0598 

21°;  764mm.  00734 

18°;  752  mm.  0-0648 

20°;  762  mm.  0-0667 

24°;  757  ram.  0-0608 
^  Solution  brought 


32-4| 
32-6  I 
32-91 
33-0/ 

27-31 
27-3  ) 
27-5) 
27-61 

28-8| 
28-9  / 
.30-5 ) 
30-4/ 


;  20°;  773 
;  21°;  768 

;  17°;  766 
;  18°;  766 

;   19^;  773 
;  19°;  770 


^*^-"'-  92-  763 
36-7  1'        ' 


33-61 
33-4 
34-21 
34-4J 

31-1) 
31-1) 


;  18°;  752 

;  18°;  752 

;  25°;  755 

to  200  cc. 


0-2820 
0-2829 

0-2385 
0-2394 

0-2517 
0-2640 

0-3114 

0-2856 
0-2925 

0-2572 


35-21 
35-2  j" 
35-51 
35-4/ 

30-0  I 
29-9/ 
29-71 

29-7  r 

31-71 
31-7.1 
32-9  1 
33-OJ 

39-41 
39-4/ 

35-81 
36-0/ 
36-41 

36-5  r 

320  I 
32-2J 


0-2957 

0-4669 

0-2978 

0-4(i70 

0-2516 

0-^188 

0-2495 

0-4p0 

0-2663 

1 
0-3i)i99 

0-2768 

0-41-04 

0-3309 

0-50 

15 

0-3015 

0-45 

.1 

0-3062 

0-46|j3 

0-2696 

0-41  i 
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One  of  the  more  difficult  of  the  estimations  in  the  process  is  the  deter- 
mination of  the  total  nitrogen  of  the  bases,  which  is  carried  out  on  the  same 
solution  used  for  the  determination  of  the  arginine.  In  these  analyses  the 
practice  was  adopted  of  continuing  the  digestion  for  some  time  after  the 
solution  becomes  clear,  gently  moving  the  fluid  round  the  sides  of  the  flask 
from  time  to  time  in  order  to  wash  down  into  the  acid  any  particles  which 
may  have  crept  on  to  the  upper  parts  of  the  digestion  flask.  The  figures  for 
the  histidine  nitrogen  show  the  widest  variation  in  duplicate  analyses.  This 
value  is  not  determined  directly  but  is  calculated  from  the  results  of  three 
other  determinations,  viz.  the  arginine  nitrogen,  the  amino  nitrogen  of  the 
bases,  and  the  total  nitrogen  of  the  bases.  As  van  Slyke  points  out  these 
three  values  can  all  be  determined  accurately,  and  the  duplicate  analyses  for 
the  histidine  should  not  vary  by  more  than  one  per  cent,  of  the  total  nitrogen. 

The  following  estimations  were  carried  out  on  the  solution  of  hydrolysed 
protein : 

(1)  Total  nitrogen  was  estimated  in  20  cc.  of  the  original  solution. 

(2)  Ammonia  nitrogen  and  melanin  nitrogen  were  estimated  in  200  cc. 
of  the  original  solution. 

(3)  After  removal  of  the  ammonia  and  melanin  the  separation  with 
phosphotungstic  acid  was  carried  out. 

(4)  The  filtrate  from  the  phosphotungstic  acid  precipitate  of  the  bases 
was  made  to  150  cc.  and  the  following  estimations  made  : 

(a)     Total  nitrogen  of  the  filtrate  in  25  cc. 
(6)     Amino  nitrogen  of  the  filtrate  in  10  cc. 

(5)  The  solution  of  the  bases  was  made  to  50  cc.  and  the  following 
estimations  made  : 

(a)     Cystine  nitrogen  in  10  cc. 
(6)     Amino  nitrogen  in  10  cc. 

(c)     Arginine  nitrogen  and  total  nitrogen  of  the  bases  in  the  same 
sample  of  25  cc. 

The  detailed  figures  obtained  in  the  analysis  of  the  different  serum  proteins 
are  given  in  the  tables.  Table  III  (pp.  548,  549)  contains  a  record  of  the 
actual  observations,  the  volumes  given  in  the  headings  referring  in  every  case 
to  the  amount  of  the  original  solution  corresponding  to  the  volume  actually 
employed  as  explained  above.  In  Table  IV  the  results  are  expressed  as 
percentages  of  the  total  nitrogen. 
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TABLE    IV. 


Results  of  analyses  expressed  in  percentages  of  total  nitrogen. 
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Material 
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S 

a 

1 

to 

to 

a 

>> 

o  ^ 
S  S 

o  o 

o  o 

< 

^ 

O 

< 

w 

h-1 

< 
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Ox  serum 

1. 

(a)  Whole  protein 
Corrected  for  solu- 

7-0 

1-6 

2-1 

10-2 

3-4 

13-3 

58-0 

3-2 

98-8 

bility  of  bases 

2-9 

11-2 

4-5 

13-4 

56-5 

1-8 

(b)  Whole  protein 

7-1 

1-6 

1-8 

9-9 

3-2 

13-5 

58-3 

3-9 

99-3 

Corrected 

2-6 

10-9 

4-3 

13-7 

56-8 

2-5 

2. 

Albumin 

5-8 

M 

2-9 

9-6 

5-7 

16-2 

55-5 

3-6 

100-4 

Corrected 

3-5 

10-4 

6-7 

lG-3 

54-2 

2-3 

3. 

Total  globulin 

7-7 

2-0 

1-4 

10-1 

5-3 

8-9 

61-1 

3-4 

99-9 

Corrected 

2-0 

10-9 

6-3 

9-0 

59-8 

2-2 

4. 

Pseudo-globulin 

7-5 

1-9 

1-2 

10-0 

3-9 

9-5 

63-0 

3-0 

100-0 

Corrected 

1-9 

10-8 

4-8 

9-6 

61-7 

1-6 

5. 

Euglobulin 

(NHJ,SO, 

method 

9-3 

2-0 

0-9 

10-2 

2-2 

9-0 

60-1 

4-9 

98-6 

Corrected 

2-0 

11-6 

3-8 

9-2 

57-9 

2-8 

6. 

Euglobulin 

Panum's  method 

8-0 

2-5 

0-8 

10-9 

5-6 

9-0 

59-3 

2-6 

98-7 

Corrected 

1-4 

11-7 

6-5 

9-1 

58-0 

1-4 

5. 

Horse  serum 

7. 

(a)  Whole  protein 

7-2 

1-7 

1-0 

8-8 

4-9 

12-8 

61-1 

3-0 

lOM 

Corrected 

2-1 

9-5 

5-8 

12-9 

60-0 

1-9 

[b)     ^Vhole  protein 

7-3 

1-5 

1-5 

8-8 

4-6 

12-6 

01-0 

3-2 

100-5 

Corrected 

21 

9-5 

5-4 

12-7 

59-9 

2-1 

8. 

(a)  Albumin 

0-7 

1-0 

2-4 

9-3 

5-1 

15-7 

57-7 

3-1 

101-0 

Corrected 

3-1 

10-0 

6-1 

16-0 

56-5 

2-0 

(b)  Albumin 

6-0 

0-9 

2-5 

9-0 

4-6 

15-7 

57-8 

2-4 

99-5 

Corrected 

31 

9-8 

5-6 

15-8 

56-6 

1-2 

9. 

(a)  Total  globulin 

8-0 

2-3 

1-3 

7-3 

4-1 

10-6 

63-5 

3-7 

100-8 

Corrected 

1-9 

8-1 

5-1 

10-7 

62-2 

2-4 

(b)  Total  globulin 

7-9 

2-3 

0-8 

7-1 

3-6 

10-7 

64-3 

31 

99-8 

Corrected 

1-4 

7-9 

4-5 

10-9 

63-1 

1-9 

10. 

Pseudo-globulin 

7-7 

2-2 

1-2 

8-3 

50 

9-7 

62-4 

3-9 

100-4 

Corrected 

1-7 

8-9 

5-8 

9-8 

61-3 

2-9 

11. 

(a)  Euglobulin 
{NHJ,SO, 

method 

8-0 

2-2 

M 

7-8 

4-2 

9-8 

63-1 

3-5 

99-7 

Corrected 

1-7 

8-5 

50 

9-9 

62-0 

2-4 

(b)  Euglobulin 

(NH,),SO, 

method 

7-8 

2-3 

M 

7-3 

5-1 

9-9 

63-6 

3-0 

100-1 

Corrected 

1-6 

8-0 

5-9 

10-0 

62-4 

1-9 

12 

Euglobulin 

Panum's  method 

8-0 

2-3 

11 

8-7 

4-3 

10-0 

62-3 

3-U 

99-7 

Corrected 

1-8 

9-4 

5-2 

10-1 

61-0 

1-8 
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XXIV.  THE  FREE  AMINO  NITROGEN  OF  THE 
DIFFERENT  PROTEINS  OF  OX  AND  HORSE 
SERUM. 

By  PERCIVAL  HARTLEY. 

From  the  Biochemical  Department,  Lister  Institute  of  Preventive  Medicine. 

{Received  May  11th,  1915.) 

In  a  recent  commimication  van  Slyke  and  Birchard  [1913]  have  shown 
that  when  certain  native  proteins  are  treated  with  nitrous  acid  the  amount 
of  nitrogen  formed  as  a  result  of  the  reaction  is  equal  to  one-half  the  lysine 
nitrogen  of  the  protein.  They  suggest  that  one  of  the  amino  groups  of  lysine, 
the  (u-group,  exists  free  in  the  intact  protein  molecule,  and,  moreover,  that 
this  &)-amino  nitrogen  of  the  lysine  represents  practically  the  entire  amount  of 
free  amino  nitrogen  which  can  be  demonstrated  by  the  nitrous  acid  method 
of  van  Slyke.  All  the  amino  acids,  except  lysine,  react  quantitatively  with 
nitrous  acid  in  three  to  four  minutes ;  lysine  reacts  more  slowly,  thirty  minutes 
being  required  for  complete  reaction,  and  van  Slyke  and  Birchard  show  that 
reaction  between  nitrous  acid  and  the  native  proteins  also  requires  about 
thirty  minutes  to  attain  completion.  The  authors  quote  observations  of 
other  workers  which  support  their  view  that  the  free  amino  nitrogen  of  native 
proteins  is  due  to  the  &)-amino  group  of  the  lysine  which  they  contain. 
Gelatin,  caseinogen  and  serum  globulin  after  treatment  with  nitrous  acid 
yield  no  lysine  on  subsequent  hydrolysis  with  acid.  Clupeine,  which  contains 
no  lysine,  yields  no  nitrogen  on  treatment  with  nitrous  acid,  while  sturine 
and  cyprinine,  which  contain  lysine,  do.  It  has  also  been  shown  that  certain 
protamines  and  proteins  which  contain  lysine  reveal  free  amino  groups  by 
the  formal  titration  method  of  Sorensen,  while  those  which  contain  no  lysine 
do  not. 
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The  analysis  of  the  different  proteins  of  ox  and  horse  serum,  an  account 
of  which  has  recently  appeared  [Hartley,  1914],  sliows  that  albumin  differs 
in  several  important  respects  from  the  globulins.  In  particular  it  has  been 
found  that  albumin  contains  a  much  larger  amount  of  lysine  than  the 
globulins.  ■  The  experiments  described  in  this  paper  have  been  carried  out  in 
order  to  study  the  relationship  between  the  free  amino  nitrogen  of  the  different 
serum  proteins  and  their  lysine  content. 

The  preparation  of  the  different  serum  proteins  has  been  described  in 
the  earher  paper.  For  the  determination  of  the  amino  nitrogen  the  following 
procedure  was  adopted  in  each  case.  Two  weighed  quantities  of  the  air- 
dried  preparations  were  taken :  one  of  these  -was  used  for  the  determination 
of  the  total  nitrogen  of  the  protein  by  Kjeldahl's  method  and  the  other  was 
dissolved  in  water  or  very  dilute  alkali  in  a  standard  15  cc.  flask.  Ten  cc. 
of  this  solution  were  treated  with  nitrous  acid  in  van  Slyke's  apparatus  and 
the  free  amino  nitrogen  of  the  protein  determined.  The  reaction  w^as  con- 
ducted in  the  standard  size  apparatus  described  by  van  Slyke  [1912],  1  cc. 
of  octyl  alcohol  being  added  in  each  case  to  prevent  frothing.  The  mixture 
of  nitrous  acid  and  protein  was  shaken  at  intervals  for  twenty-five  minutes 
and  finally  shaken  continuously  for  five  minutes. 

The  results  of  the  determination  of  the  total  nitrogen  and  the  free  amino 
nitrogen  are  collected  in  the  following  tables. 

Total  globulin  is  the  name  given  to  the  proteins  precipitated  from  the 
diluted  serum  by  half  saturation  with  ammonium  sulphate.  It  consists  of 
pseudoglobulin  and  euglobuhn.  Euglobuhn  A  was  prepared  from  the  total 
globulin  by  salting  out  with  ammonium  sulphate,  and  euglobuhn  P  was 
prepared  by  the  dilution  and  acidification  method  of  Panum. 

TABLE   I. 
Total  Nitrogen  Determinations. 

Quantity  N/10  H2SO, 

taken  neutralised  Nitrogen 

No.  Protein  g.  cc.  mgm. 

1.  Albumin  (ox)   0-2065  18-8  26-32 

2.  Total  globulin  (ox)    0-2110  19-9  27-86 

3.  Albumin  (horse) 0-2562  23-7  33-18 

4.  Total  globulin  (horse) 0-2604  24-9  34-86 

5.  Pseudoglobulin  (horse)    ...  0-2882  27-1  37-94 

6.  Euglobulin  A  (horse) 0-2894  26-4  36-96 

7.  Euglobulin  P  (horse) 0-3047  25-2  35-28 

8.  Whole  proteins  (horse)   . . .  0-2761  23-3  32-62 
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TABLE   II. 
Amino  Nitrogen  Determinations. 


Quantity 

Per  oent.  of 

taken 

Ngas 

Temp. 

Pressure 

Amino  X 

total  N  as  free 

No. 

Protein 

gm. 

cc. 

°C. 

mm. 

mgm. 

XHj 

1. 

Albumin  ^ox)    

0-5157 

9-9 

16 

755 

5-70 

8-7 

2. 

Total  globulin  (ox)    . . 

0-5013 

4-8 

16 

758 

2-80 

4-2 

3. 

Albumin  (horse) 

0-3875 

7-0 

17 

762 

4-05 

8-0 

4. 

Total  globulin  (horse) 

0-3932 

5-2 

19 

762 

2-98 

5-6 

5. 

Pseudoglobulin  (horse) 

0-2806 

3-1 

15 

760 

1-81 

4-6 

6. 

Euglobulin  A  (horpe) 

0-4096 

5-4 

17 

749 

3-07 

5-8 

7. 

Euglobulin  P  (horse) 

0-4050 

4-3 

17 

749 

2-44 

58 

8. 

Whole  protein  (horse) 

0-3963 

5-1 

19 

762 

2-92 

6-2 

Free 

Half 

amino  N 

lysine  N 

8-7 

8-15 

4-2 

•      4-50 

8-0 

7-95 

5-6 

5-40 

4-6 

4-90 

5-8 

4-97 

5-2 

5-05 

6-2 

6-40 

In  Table  III  the  results  of  the  determination  of  the  free  amino  nitrogen 
are  given  and  compared  with  the  lysine  content  of  the  different  proteins. 
The  figures  for  the  lysine  are  taken  from  the  earher  paper  [1914]  deaUng  with 
the  analysis  of  the  different  proteins  of  ox  and  horse  serum. 

TABLE  III. 

Per  cent,  of  total  nitrogen  as 

No.  Protein 

1.  Albumin  (ox) 

2.  Total  globulin  (ox)     . . 

3.  Albimiin  (horse)    

4.  Total  globulin  (horse) 

5.  Pseudoglobulin  (horse) 

6.  Euglobulin  A  (horse)   . 

7.  Euglobulin  P  (horse)    . 

8.  Whole  proteins  (horse) 

Except  in  the  case  of  EuglobuHn  A  (horse)  in  which  the  result  is  a  Httle 
high,  the  free  amino  nitrogen  of  the  proteins  of  ox  and  horse  serum  is  equal 
to  one-half  the  lysine  nitrogen.  The  results  are  in  agreement  with  those 
obtained  by  van  Slyke  and  Birchard  for  other  native  proteins  and  lend  support 
to  the  suggestion  advanced  by  them  that  in  the  intact  protein  molecule  the 
a)-amino  group  of  the  lysine  exists  free,  and,  further,  that  this  group  represents 
practically  the  whole  of  the  free  amino  nitrogen  determinable  by  means  of 
nitrous  acid. 

The  results  given  above,  taken  in  conjunction  with  those  of  van  Slyke  and 
Birchard,  indicate  that  the  lysine  content  of  a  native  protein  may  be  rapidly 
estimated  by  determining  the  amino  nitrogen  and  the  total  nitrogen  of  the 
protein. 
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SOME  DETAILS  IN  THE  ANATOMY  OF  THE  RAT-FLEA, 
CERATOPHYLLUS  FASCIATUS  Bosc. 

Bv  Prof.  E.  A.  Mixchix,  M.A.,  Hox.  Ph.D.,  F.R.S. 

{Read  January  2&th,  1915.) 

Plates  26-32. 

During  the  past  five  years  I  have  been  engaged,  in  collaboration 
with  a  friend,  upon  investigations,  recently  published,^  into  the 
development  of  the  rat-trypanosome  in  its  invertebrate  host  the 
rat-flea  {Ceratophyllus  fasciatus).  In  the  eour.se  of  this  investi- 
gation we  have  dissected  and  examined  some  1,700  fleas;  and 
although  these  dissections  were  not  undertaken  with  the 
primary  object  of  studpng  the  anatomy  of  the  flea,  but  only 
with  the  intention  of  extracting  and  examining  those  organs  of 
the  flea  likely  to  contain  stages  of  the  trypanosome,  it  goes 
without  saying  that  we  have  not  pulled  so  many  fleas  to  pieces 
without  gaining  some  insight  into  the  structure  of  the  insect, 
and  it  seemed  to  me  worth  while  to  study  some  anatomical  points 
of  structure  in  more  detail  and  in  special  preparations.  Some 
parts  of  the  flea  are  very  interesting  as  regards  their  structural 
relations  and  make  very  beautiful  microscopic  preparations  which 
can  be  mounted  with  very  little  trouble.  I  thought  it  might 
interest  the  members  of  the  Club  if  I  laid  before  them  a  brief 
account  of  some  points  of  flea-anatomy  seen  by  the  v^a.y— obiter 
visa,  if  I  may  use  the  expre-ssion. 

Before  describing  these  observations,  I  Avish  it  to  be  clearly 
understood  that  this  paper  does  not  pretend  to  give  a  complete 
anatomical  description  either  of  the  flea  as  a  whole  or  even  of 
the   systems  of  organs  that  are  dealt  with.     There  are  many  I 

structural  details  which  could  only  be  made  out  by  sections,  and  .  . 

I  have  had  no  leisure  for  the  task  of  section-cutting,  always  a 
difficult  and  laborious  undertaking  in  the  case  of  insects,  on 
account  of  the  toughness  of  the  chitlnous  cuticle,  which  cannot 

*  Mincbin  and  Thomson,  "The  Rat-trypanosome,  Tri/jjanrsoma  lewigi, 
in  its  Relation  to  the  Rat-flea,  Ceratojjhyllut  fasclatux."  Quarterhj 
Journal  of  Microxeopical  Science,  Vol.  LX.,  Part  4,  191.^i,  V 
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be  dissolved  out.  I  do  not  propose  to  describe  any  details  here 
which  cannot  be  verified  by  an  observer  possessing  a  dissecting 
microscope  *  and  a  pair  of  mounted  dissecting  needles — and  a 
flea  !  In  fact  the  re&ults  obtained  by  me  and  set  forth  here  are 
based  entirely  on  what  may  be  termed  "  needlework." 

Before  proceeding  to  anatomical  descriptions,  I  may  give  a 
brief  account  of  the  technique  I  have  employed.  The  flea  at 
liberty  is,  I  need  not  say,  an  active  and  elusive  insect.  But 
when  placed  on  the  stnface  of  water,  he  is  perfectly  helpless,  and 
floats  there  without  being  able  to  escape  and  without  drowning 
for  at  least  twenty-four  hours,  provided  there  is  no  soap  in  the 
water ;  if  there  is  a  trace  of  soap  the  cuticle  of  the  flea  is  wetted 
and  the  insect  sinks  and  is  soon  drowned.  (This  hint  may  be 
borne  in  mind  as  being  often  useful  in  the  home.) 

Having  therefore  caught  your  flea,  put  it  on  the  surface  of 
8ome  water  and  keep  it  until  you  can  proceed  further  with  your 
operations.  An  expeditious  way  of  catching  the  flea  is  to  get 
it  to  hop  straight  on  to  the  surface  of  water.  In  doing  this 
remember  that  a  flea  always  hops  by  preference  away  from  the 
source  of  light,  never  towards  it. 

When  it  is  desired  to  dissect  the  flea  it  should  be  gathered  off 
the  surface  of  the  water  with  a  fine  forceps  and  placed  in  a  drop 
of  physiological  salt-solution  (0'75  gramme  sodium  chloride  in  100 
cubic  centimeters  of  distilled  water)  on  an  ordinary  microscopical 
slide,  which  is  then  placed  on  the  stage  of  the  dissecting 
microscope. 

For  the  dissection  I  use  two  fine  needles  mounted  in  wooden 
handles.  Each  needle  after  fixing  in  the  handle  is  ground  down 
further  on  an  ordinary  hone.  One  of  them  is  ground  to  a  fine 
sharp  point,  the  other  to  a  flat  cutting  edge.  For  preparing  the 
flat-edged  needle,  I  first  take  a  penknife  and  pare  the  extremity 
of  the  wooden  handle  on  both  sides  so  that  it  is  shaped  like  an 
ordinary  brad-awl.  I  then  rub  the  needle  down  on  the  hone  in  two 
planes  parallel  to  the  two  cuts  made  in  the  handle,  checking  the 
process  under  the  dissecting  microscope  and  trying  to  get  a 
rounded  cutting  edge,  not  an  edge  which  terminates  in  a  straight 
line  like  an  ordinary  chisel.  The  object  of  paring  the  wooden 
handle  is  both  to  guide  the  hand  when  rubbing  down  the  needle 

•  I   have    used    in   all    ni}'   work    u    Grcenough    binocular    dissecting 
microscope  made  hy  Zeiss. 
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on  the  hone,  and  also  to  distinguish  the  flat-edged  needle  from 
the  pointed  one.  When  dissecting  I  use  the  pointed  needle  in 
my  left  hand  for  holding  the  object,  and  the  flat-edged  needle  in 
my  right  hand  for  cutting.  The  needles  should  be  pushed  far 
into  the  wooden  handle,  so  that  only  a  short  length  is  free,  other- 
wise the  needle  is  too  springy  and  is  liable  to  snap  under 
pressure. 

The  flea  was  left  in  the  drop  of  salt-solution,  where  it  is  kicking 
about  violently  and  may  succeed,  if  not  watched,  in  getting  out 
on  to  the  slide  and  hopping  off".  It  is  therefore  best  to  begin  by 
decapitating  the  flea.  This  can  be  done  by  holding  it  still  with 
the  pointed  needle  and  snipping  off  the  head  with  the  flat-edged 
needle.  The  dissection  can  then  be  proceeded  with  in  a  manner 
free  from  haste  or  anxiety. 

I  will  describe  now  a  method  of  making  permanent  preparations 
of  the  organs  of  the  flea  which  I  have  found  very  useful.  There 
is  not  a  single  detail  of  anatomy  described  in  this  paper  which  I 
could  not  demonstrate  to  a  sceptic  in  my  permanent  preparations  * 
at  a  moment's  notice.  Let  us  take  the  abdominal  nervous  system, 
for  example.  The  complete  nervous  system  of  the  flea  consists, 
as  in  other  insects,  of  the  three  sets  of  nerve-ganglia:  (1)  the 
cephalic  ganglion-complex,  or  brain,  situated  in  the  head  dorsal 
to  the  digestive  tract  (supra-oesophageal) ;  (2)  three  pairs  of 
thoracic  ganglia,  corresponding  to  the  three  thoracic  segments  : 
(3)  a  chain  of  abdominal  ganglia  extending  into  the  abdomen.  ■  j 

Parts  (2)  and  (3)  are  ventral  to  the  digestive  tract  and  constitute  |||| 

a  continuous  chain  of  pairs  of  ganglia,  but  the  two  ganglia  of  any 
given  pair  are  fused  together  so  as  to  appear  like  a  single  ganglion- 
mass.  Each  pair  of  ganglia  is  connected  with  the  pair  next 
behind  or  in  front  by  a  pair  of  stout  nerves,  known  as  "  connec- 
tives," and  it  can  be  plainly  seen  that  these  connectives  remain  jd 
distinct  in  each  pair,  and  are  not  fused  together  like  the  ganglion-  . '  il 
pairs  (PI.  26).  The  first  pair  of  thoracic  ganglia  is  connected  nI 
with  the  brain  by  a  pair  of  peri-oesophageal  connectives.  From  ' 
the  ganglia  are  given  off"  nerves  to  the  various  organs  of  the  body. 
It  is  almost  impossible  to  dissect  out  the  brain,  and  to  study  its 
structure  and  relations  sections  would  be  necessary.  It  is  difficult, 
but  by  no  means  impossible,  to  dissect  out  the  thoracic  ganglia. 
Major  Christophers,  I.M.S.,  who  worked  for  a  time  in  my 
*  These  preparations  are  now  the  property  of  the  Club. 
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laboratory  at  the  Lister  Institute,  made  some  beautiful  dissections 
of  the  ventral  nervous  system  of  the  Ilea,  showing  both  thoracic 
and  abdominal  ganglia  in  continuity.  On  the  other  hand,  it  is  by 
no  means  ditKcult  to  dissect  out  the  abdominal  chain  in  its  whole 
length,  up  to  and  including  the  large  metathoracic  ganglia,  the 
ganglia  of  the  jumping  legs.  To  do  this  the  flea  should  be  held  by 
the  thorax  with  the  pointed  needle,  while  with  the  flat-edged  needle 
the  abdominal  segments  are  carefully  detached  and  pulled  off 
from  behind  forwards  successively,  until  only  the  thoracic  segments 
are  left.  If  the  operation  has  been  successfully  performed,  and 
the  abdominal  segments  together  with  the  contained  digestive 
and  reproductive  organs  removed,  the  abdominal  chain  of  ganglia 
will  be  seen  proceeding  fi'om,  and  adhering  to,  the  hindmost 
thoracic  segment.  With  practice  the  complete  severance  of  the 
abdomen  and  its  organs  from  the  thorax  can  be  effected  with  one 
pull. 

Now  take  another  slide  and  place  on  it  a  cover-slip  (|  inch 
square).  Place  the  slide  and  cover-slip  on  the  stage  of  the  dis- 
secting microscope,  put  a  quite  small  drop  of  salt-solution  on  the 
cover-.slip,  and  transfer  the  thorax  of  the  flea  fi'om  the  slide  on 
which  it  was  dissected  to  the  small  drop  of  fluid  on  the  cover-slip, 
and  there  proceed  with  the  dissection.  The  big  metathoracic; 
ganglion-mass  can  be  seen  quite  plainly  in  the  hindermost  part 
of  the  thorax,  with  the  abdominal  chain  of  ganglia  proceeding 
from  it.  With  the  needles  the  metathoracic  ganglion  must  be 
carefully  dissected  out  and  set  free  from  the  thorax ;  this  operation 
is  not  at  all  difficult,  though  it  requires  both  skill  and  practice  to 
dissect  out  the  first  two  thoracic  ganglia  as  well,  in  unbroken 
continuity  with  the  rest  of  the  ganglionic  chain.  If  dining  the 
dissection  the  cover-glass  slips  about  on  the  slide,  it  can  be  flxed 
quite  firmly  by  letting  a  tiny  diop  of  distilled  water  run  in  l)etween 
cover-glass  and  slide,  but  I  avoid  this  as  a  rule,  because  it  makes 
it  dithcult  to  get  the  cover-.slip  off  later  on. 

When  the  dissection  has  been  completed,  the  fragments  and 
debris  of  the  thorax  should  be  removed  and  cleaned  up  as  much 
as  possible,  leaving  the  nervous  system  in  the  small  drop  of  fluid 
on  the  cover-slip.  Now  the  cover-slip  must  be  lifted  carefully  off: 
the  slide  and  all  superfluous  moisture  drained  off  it,  so  as  to  leave 
the  nervous  system  stranded  on  the  cover-slip,  as  near  the  centre 
as  possible.     The  fluid  can  be  drained  off"  either  by  tilting  the 
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cover-glass  and  letting  the  salt-solution  run  off,  or,  if  the  nervous 

system  shows  a  tendency  to  run  off  with  the  fluid,  by  holding  the 

cover-glass  flat  and  carefully  mopping  up  all  superfluity  of  fluid 

with  a  small  piece  of  filter-paper.     The  object  to  be  attained  is  to 

leave  the  specimen  stranded  on  the  cover- glass  and  to  drain  off  as 

much  of  the  salt-solution  as  possible,  in  order  that  by  capillary  it 

attraction  the  object  may  be  pressed  against  the  cover-slip  ;  but 

on  no  account  must  the  fluid  be  allowed  to  dry  completely.    When 

this  has  been  done  the  cover-slip  is  inverted,  so  that  the  object  is  ^ 

on  its  lower  side ;  and  then  it  is  dropped  face  downwards  quite 

flat  on  to  the  surface  of  some  fixative  fluid. 

Various  fixatives  can  be  used,  but  I  have  nearly  always  made 
use  of  5  per  cent,  sublimate-acetic — that  is  to  say,  saturateil 
solution  of  corrosive  sublimate  in  distilled  water,  95  volumes, 
mixed  Avith  glacial  acetic  acid,  5  volumes.  Wlien  fixing  the 
preparation  some  of  the  fixative  is  put  into  a  large  watch-glass 
or  clock-glass  and  the  cover-glass  with  the  adherent  object  is 
dropped  on  to  it  and  remains  floating  on  the  surface  of  the 
solution.  In  nine  cases  out  of  ten  the  object  remains  firmly 
adherent  to  the  under  side  of  the  cover-glass,  if  one  has  hit  the 
happy  medium  in  draining  off  the  fluid  in  which  it  was  dissected 
out.  If  superfluity  of  the  salt-solution  remains,  the  object  will 
come  oft';  if  it  has  been  allowed  to  dry  up  altogether,  the 
preparation  is  ruined. 

The  cover-glass  with  the  adherent  organs  can  now  be  mani- 
pulated just  as  if  it  was  a  smear,  lifting  the  cover-slip  with  an 
ordinary  forceps  and  transferring  it  from  one  liquid  to  another. 
After  the  preparation  has  been  fixed  in  the  sublimate-acetic  for 
some  time,  say  from  10  minutes  to  an  hour,  it  can  be  brought 
up  through  successive  strengths  of  alcohol  in  watch-glasses 
(10  per  cent,,  30  per  cent.,  50  per  cent,  and  70  per  cent.)  to 
90  per  cent,  alcohol,  in  which  it  should  be  left  for  a  longer  time 
(preferably  over  night,  or  as  long  as  is  convenient)  in  order  that 
the  preparation  may  be  well  hardened  and  the  corrosive  sublimate 
thoroughly  dissolved  out.  In  the  stronger  alcohols  the  cover-slip 
will  sink,  but  it  rests  on  its  corners  on  the  rounded  bottom  of 
the  watch-glass  and  there  is  no  contact  or  pressure  on  the  object, 
which  of  course  is  on  the  under  side  of  the  cover-slip.  It  is  now 
apparent  why  square  cover-slips  must  be  used,  since  they  rest  on 
their  corners  and   can  be    easily   picked   up  with    the   forceps; 
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round  cover-slips  would  be  in  contact  with  the  watch-glass  round 
their  whole  edge,  and  be  very  troublesome  to  lift  up  with  the 
forceps  or  in  any  other  way. 

Sometimes  the  object  comes  away  loose  from  the  cover-slip  in 
the  sublimate-acetic.  When  this  annoying  event  takes  place, 
put  the  cover-slip  into  a  watch-glass  and  cover  it  with  30  per  cent. 
alcohol ;  then  draw  up  the  object  from  the  subUmate-acetic 
mixture  with  a  glass  pipette  of  sufficiently  wide  calibre  and  place 
it  on  the  upper  surface  of  the  cover-slip  in  the  alcohol.  Then  lift 
up  the  cover-slip  caiefully  with  a  forceps,  taking  care  the  object 
does  not  tioat  off  the  cover-slip  to  one  side  or  the  other,  but 
remains  stranded  on  the  cover-slip  again.  Then  drain  off  the 
alcohol,  invert  the  cover-slip,  and  drop  it  face  downwards  into 
50  per  cent,  alcohol  in  another  watch-glass.  This  time  the 
rebellious  object  always  sticks  to  the  cover-slip.  In  all  cases  the 
cover-slips  should  lie  handled  delicately  while  in  the  sublimate- 
acetic  or  in  the  weak  alcohols,  since  a  too  \'iolent  jerk  may 
dislodge  them  ;  but  I  have  never  known  an  object  to  come  loose 
after  it  has  got  so  far  as  the  70  per  cent,  alcohol. 

I  have  described  this  method  in  full  detail  because  I  have 
found  it  extremely  useful  for  making  permanent  preparations 
of  dissections.  In  the  Hea,  for  example,  it  is  very  easy  to  dissect 
out  and  mount  in  this  way  the  entire  male  leproductive  system, 
from  testes  to  penis,  and  so  display  every  detail  of  it ;  and  since 
the  preparation  is  adherent  to  the  cover-slip,  any  powers  of  the 
microscope,  even  immersion  lenses,  can  be  focused  on  to  it  for 
study  of  minute  details.  The  principle  of  the  method  is  that 
cellular  tissues,  having  been  pressed  firmly  but  gently  against 
the  glass  by  capillary  attraction,  adhere  to  the  glass  by  their 
own  .stickiness ;  and  when  the  preparation  has  been  well  fixed 
and  hardened,  the  coagulation  of  the  albumins  glues  the  organs 
so  hrmly  that  they  cannot  be  detached  without  breaking 
them.  Naturally  this  does  not  apply  to  chitinous  organs, 
which  are  not  wetted  by  water,  and  can  never  be  made  to  stick 
in  this  way. 

The  preparations,  after  having  been  fixed  and  hardened,  can 
be  mounted  unstained,  or  can  be  stained  first  in  any  way  desired. 
Unstained  preparations  are  best  for  showing  internal  details  of 
the  chitinous  cuticle  or  skeleton;  stained  preparations  for 
showing  the  cellular  structure  of  the  tissues  and  soft  parts ;  the 
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one  method  of  preparation  supplements  the  othei-.  For  staining 
an  alcohoUc  stain  is  preferable,  since  prolonged  soaking  in  watery- 
stains  might  produce  maceration  and  cause  the  object  to  become 
detached  again  from  the  cover-slip.  I  ha%-e  always  used  Gren- 
acher's  alcoholic  borax -carmine,  in  which  the  objects  are  stained 
for  about  five  minutes,  and  then  transferred  to  acidulated  alcohol 
(0"1  per  cent,  hydrochloric  acid  in  70  per  cent,  alcohol),  in  order 
to  extract  all  the  carmine  stain  from  the  cytoplasm  of  the  cells 
and  leave  it  only  in  the  nuclei.  If  the  stain  be  not  thoroughly 
extracted  in  this  way  the  preparation  will  be  very  opaque,  and 
I  find  it  best  to  leave  the  objects  in  the  acidulated  alcohol  for  about 
forty-eight  hours,  changing  the  fluid  occasionally.  I  believe  this 
method  could  be  improved  upon,  and  that  Mayer's  alcoholic 
paracarmine  *  would  give  a  more  transparent  stain,  and  one 
more  easily  extracted.  Some  of  the  well-known  haematoxylin 
mixture>«  would  probably  also  give  good  results. 

The  stained  or  unstained  preparations  are  then  finished  off  by 
passing  them  into  absolute  alcohol,  then  into  oil  of  cloves  or  any 
other  of  the  ordinary  clearing  reagents,  and  finally  into  Canada 
balsam.  The  cover-slip>  can  be  mounted  over  well-slides  or — 
preferably,  in  my  opinion — on  ordinary  slides,  with  the  precau- 
tion of  supporting  the  corners  of  the  cover-slip  on  wax  feet  or  in 
some  other  way,  in  order  that  the  objects  may  run  no  risk  of 
being  crushed  between  slide  and  cover-slip. 

I  will  now  proceed  to  set  forth  some  of  my  observations  on  the 
anatomy  of  the  flea,  noting,  as  a  prehminary,  that  all  my  state- 
ments apply  to  the  common  rat-flea,  Cerato])hyUns  fasciatus, 
the  only  species  I  have  dissected.  Other  species  of  flea  may 
perhaps  show  slight  differences  in  some  points. 

It  is  also  my  plea.sant  duty,  at  this  point,  to  express  my  warm 
thanks  to  ML<s  Mabel  lihodes,  artist  at  the  Lister  Institute,  for 
kindly  executing  the  drawings  of  my  dissections  which  accompany  \ 

this  paper.     They  were  aU  drawn  with  the  camera  lucida  from  ',.  ! 

the  actual  preparations.  -^I 

I.  The  Abdominal  Nervous  System. 

The  method  of  dissecting  out  the  abdominal  chain  of  nerve- 
ganglia    has    been    described    above.      It    is    one  of    the  ea.siest 

*  For  an  account  of  these  stains  and  how  to  prepare  them  see  Bolles 
Lee's  well-known  Vade-vu-eum. 
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dissections  if  one  is  content  to  get  out  only  the  large  meta- 
thoracic  ganglion-mass,  in  the  thoracic  series,  and  not  to  worry 
about  the  ganglia  of  the  first  two  thoracic  segments,  which 
require  very  careful  dissection. 

A  remarkable  feature  of  the  abdominal  nervous  system  is  that 
it  presents  very  marked  differences  in  the  two  sexes  of  the  flea. 
These  sexual  dififerences  are  seen  at  a  glance  in  the  two  figures 
on  PI.  26,  which  are  drawn  from  two  preparations  to  the  same 
scale  by  means  of  a  camera  lucida.  At  the  upper  end  of  each 
figure  we  see  the  large  metathoracic  ganglion-mass,  and  at  the 
lower  end  the  large  hindmost  or  terminal  ganglion-complex  from 
which  nerves  are  given  otf  to  the  genitalia.  Between  these  two 
larger  nerve-centres  at  the  two  extremities  there  is  a  series  of 
smaller  ganglia ;  and  it  is  easy  to  see  that  this  series  comprises 
seven  ganglia  in  the  male  and  only  six  in  the  female.* 

It  is  seen,  then,  that  the  male  flea  has  one  pair  of  ganglia 
more  in  its  abdominal  nervous  .system  than  the  female.  Is  this 
an  indication  of  superiority  on  the  part  of  the  male  sex  ?  By 
no  means,  rather  the  contrary  !  In  the  embryonic  development 
of  insects  there  are  some  ten  or  eleven  pairs  of  abdominal  ganglia, 
and  in  the  ontogenetic  development,  or  in  the  phylogenetic 
evolution,  of  insects  the  tendency  is  for  these  ganglia  to  be 
concenti'ated  by  fusion  which  takes  place  progressively  from 
behind  forward.*;.  In  some  of  the  Diptera — the  tsetse-fly,  for 
example,  and  I  believe  in  the  common  house-fly  also — the 
concentration  of  the  nerve-ganglia  has  reached  its  maximum 
possible,  since  the  whole  ventral  chain  is  concentrated  into  one 
large  mass  situated  in  the  thorax,  a  mass  which  represents  the 
three  pairs  of  thoracic  ganglia  plus  the  whole  abdominal  chain, 
all  telescoped  forwards  into  one  large  ganglion-complex.  In  the 
flea,  however,  the  process  of  concentration  and  speciaEsation  has 
not  gone  so  far,  and  is  seen  only  at  the  hindmost  end  of  the 

♦  This  curious  point  was  discovered  by  Major  Christophers,  in  his 
dissections  of  fleas  made  in  ruy  laboratory.  Previous  to  his  work,  I  had 
counted  the  ganglia  of  a  female  flea  that  I  was  dissecting,  and  had  noted 
that  there  were  six  small  ganglia.  Subsequently  I  made  a  mounted  pre- 
paration of  the  abdominal  chain  of  a  male  flea,  and  was  surprised  to 
observe  seven  small  ganglia  ;  thinking  I  had  made  a  mistake  in  my  former 
observation,  I  looked  up  my  old  notes  and  altered  "  six "'  to  "  seven," 
never  suspecting  the  sexual  differences  which  were  subsequently  shown  to 
exist. 
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nervous  system,  in  the  large  terminal  ganglion-mass,  which 
represents  a  fusion  of  the  most  posterior  ganglia.  The  diflerence 
in  the  number  of  the  abdominal  ganglia  in  the  two  sexes  of  the 
flea  shows,  therefore,  that  in  the  female  the  concentration  has 
gone  one  step  farther  than  in  the  male,  since  only  six  abdominal 
ganglia  remain  free  in  the  female,  but  seven  in  the  male.  The 
nervous  system  of  the  female  has  therefore  reached  one  stage  in 
evolution  higher  in  the  female  than  in  the  male.  Similar 
differences  between  the  sexes  are  known  to  occur  also  in  other 
insects,  especially  in  the  Hymenoptera  (the  order  which  includes 
the  bees,  ants,  and  wasps),  an  order  in  which  the  superiority  in 
intelligence  and  in  the  social  virtues  of  the  female  over  the  male 
is  very  marked. 

Besides  the  difference  in  the  number  of  ganglia,  the  nervous 
systems  of  the  male  and  female  flea  differ  also  in  the  arrangement 
of  the  nerve-stems  given  off  from  the  hindmost  ganglion-mass.  In 
the  male  two  stout  nerves  are  given  off,  which  run  on  either  .side 
of  the  "  corkscrew-organ  "  (see  p.  454),  and  are  distributed  mainly 
to  the  powerful  muscles  which  work  the  penis.  In  the  female, 
however,  three  pairs  of  moderately  stout  nerves  are  given  off, 
which  go  to  the  genitalia,  but  I  have  not  been  able  to  trace  their 
exact  distribution. 

Comparing  the  two  figures,  it  is  seen  that  the  male  and  female 
nervous  systems  are  approximately  of  the  same  absolute  length. 
Since,  however,  the  female  flea  is  considerably  larger  than  the 
male,  the  nervous  system  of  the  female  is  relatively  much 
the  shorter,  and  does  not  extend  so  far  into  the  abdomen  as  that 
of  the  male.  Consequently  the  nervous  system  of  the  male  is 
the  easier  to  dissect  out. 

As  regards  minuter  details,  the  nerve-ganglia  are  seen  to 
contain  a  number  of  nuclei,  representing  the  gangUon-cells, 
which  have  a  bilaterally  symmetrical  arrangement,  showing  that 
each  ganglion-mass  is  a  fusion  of  a  pair  of  ganglia.  The  nerves 
which  come  off  from  the  ganglia  right  and  left  contain  small, 
elongated  nuclei,  which  are  the  nuclei  of  the  connective  tissue- 
sheaths  of  the  nerves.  The  connectives  running  between  the 
successive  abdominal  ganglia  contain  no  nuclei,  but  the  stout 
connectives  passing  forwards  from  the  metathoracic  ganglion- 
mass  contain  elongated  nuclei  similar  to  those  of  the  peripheral 
nerves. 
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II.   The  Salivary  Glands. 

Having  occtision  to  dissect  some  tiea-lai"vae,  I  was  struck  by 
the  fact  that  the  salivary  glands  of  the  larva  differ  greatly,  both 
in  size  and  in  comidication  of  parts,  from  those  of  the  adult  flea. 
I  will  begin  vfith  the  adidt,  in  which  the  glands  are  both  smaller 
and  .simpler  in  structure. 

In  the  adult  flea  the  salivary  glands  lie  in  the  abdomen,  right 
and  left  of  the  stomach,  in  the  form  of  two  tiny  pouches  on  each 
side  (PI.  27,  B  and  C).  Each  pouch  consists  of  large  glandulai- 
cells,  which  tend  to  stain  very  opaquely  and  have  large  nuclei. 
The  two  pouches  of  each  side  give  off  each  a  short  duct,  and  these 
two  ducts  unite  into  a  long  duct  running  forwards  on  the  side  of 
the  body  to  the  anterior  thoracic  region,  where  the  two  ducts  from 
the  two  sides  of  the  body  unite  into  a  common  salivary  duct,  which 
runs  forwards  to  open,  doubtless,  into  the  hypopharynx,  as  in 
other  insects.  The  paired  salivary  ducts  have  a  veiy  character- 
istic appearance,  being  lined  by  a  cbitinous  cuticle  which  shows 
internally  a  system  of  rather  irregular  transverse  thickenings. 
This  appearance  is  seen  from  the  point  where  the  ducts  issue 
from  the  glands  up  to  a  short  distance  from  the  spot  where  the 
paired  ducts  unite  to  form  the  common  salivary  duct  ;  the 
structure  of  the  ducts  recalls  to  some  extent  that  of  a  tracheal 
tube,  but  the  transverse  thickenings  are  not  so  perfectly  regular 
as  in  the  tracheae.  At  the  point  of  union  of  the  right  and  left 
salivary  ducts,  however,  there  is  a  Y-piece  in  which  the  duct 
diminishes  in  calibre  to  about  half,  and  has  no  transverse 
thickenings.  External  to  the  chitinous  lining,  the  duct  Ls 
covered  by  a  delicate  layer  of  fiat  epithelium,  which  does  not 
show  distinct  cell-outlines,  but  has  the  appearance  of  a  plas- 
modial  or  syncytial  layer  of  protoplasm  with  scattered  nuclei. 

The  salivary  gland  of  the  adult  flea,  on  account  of  its  small 
size,  is  not  so  easy  to  dissect  out ;  the  glands  of  the  female  are 
slightly  larger  than  those  of  the  male.  On  the  other  hand,  the 
salivary  glands  of  the  larva,  which  are  plainly  vi.sible  through 
the  body-wall  of  the  living  in.sect,  are  very  easily  dissected  out. 
All  that  is  necessary  is  to  decapitate  the  larva  in  such  a  way  as 
to  cut  off  the  first  or  first  two  thoracic  segments,  together  with 
the  head,  and  then  to  press  with  the  flat  of  a  dissecting  needle 
gently  along  the  body  from  behind  forwards,  so  as  to  .squeeze  out 
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the  contents  of  the  body-cavity  through  the  cut  end  of  the  trunk. 
The  salivary  glands  sometimes  come  out  as  soon  as  the  flea  is 
decapitated,  without  any  such  pressure,  and  it  is  easy  to  get 
them  on  to  a  cover-sUp  and  fix  them. 

Almost  the  only  point  in  which  the  larval  glands  (PL  27,  A) 
resemble  those  of  the  adult  is  in  the  characteristic  structure  of 
the  duct,  which  can  be  recognised  immediately.  Passing  back 
along  the  duct  (d.),  we  come  to  a  thin-walled  dilated  sac  or 
reservoir  (r.),  quite  absent  in  the  adult.  Behind  the  duct  a 
tubule  begins,  composed  of  lightly  staining  glandular  cells.  After 
a  short  course  this  tubule  becomes  continuous  with  the  gland 
proper,  which  is  composed  of  darkly  staining  glandular  cells,  and 
branches  out  into  three  lobes  or  diverticula,  two  of  which  run 
forward  (l.a.^  l.a.^)  and  one  backward  (l.p.)  along.side  of  the 
digestive  tract.  All  this  arrangement  of  duct,  reservoii-,  and 
gland  is,  of  course,  duplicated  on  each  side  of  the  body,  right 
and  left. 

Accompanying  the  larval  saUvary  gland  are  two  elongated 
pads  or  cushions  of  fat-body,  which  are  very  diflicult  to  separate 
from  the  gland  without  damaging  the  glandular  lobes.  In  the 
hinder  of  these  pads  of  fat  I  found  in  many  fleas  a  body  which 
looked  exceedingly  like  a  parasitic  cyst,  for  which  I  mistook  it  at 
first.  Specimens  mounted  whole  showed  the  "  cy.st  "  to  be  com- 
posed of  large  cells  in  the  interior,  showing  a  tendency  in  the 
more  advanced  specimens  to  arrangement  in  longitudinal  rows, 
and  enveloped  by  a  layer  of  flat  epithelium  at  the  surface.  At 
its  hinder  end  the  "  cyst "  is  prolonged  into  a  delicate  cord  of  cells 
which  could  be  traced  in  some  specimens  a  long  way  back. 
Further  inve.stigation  showed,  however,  that  when  this  "  cyst " 
was  present  on  one  side  of  the  body  it  was  also  present  on  the 
other  .side  in  exactly  the  same  degree  of  development ;  and  further, 
that  when  the  "  cysts  "  were  absent  in  the  fat-body  on  the  level 
of  the  salivary  glands,  they  were  to  be  found  in  other  pads  of  fat- 
body  situated  farther  back,  on  the  level  of  the  intestine  right 
and  left.  Hence  it  was  obvious  that  the  supposed  parasitic  cysts 
were  simply  the  genital  rudiments,  situated  farther  forward  in 
the  larvae  of  one  sex  than  in  the  other.  Whether  it  is  the  male, 
or  the  female,  in  which  they  are  situated  farther  forward,  I 
cannot  say. 

The  striking  differences  between  the  larval  and  adult  flea  in 
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respect  to  the  salivary  glaiuLs  must  be  related  to  the  difference  in 
their  habits.  The  adult  flea,  I  need  not  say,  is  a  blood-sucker, 
and  in  blood-sucking  insects  generally  the  function  of  the  salivary 
glands  is  believed  to  be  tliat  of  producing  a  secretion  which  is 
mixed  with  the  ingested  blood  and  prevents  it  from  coagulating. 
Incidentally  the  salivary  glands  of  the  adult  flea,  if  crushed  and 
examined,  can  be  seen  to  contain  many  yeast-like  bodies  of  several 
kinds,  and  it  is  supposed  that  it  is  these  microbes  which  are 
responsible  for  the  local  irritation  and  itching  caused  by  the 
puncture  of  the  flea's  proboscis.  The  flea-larva,  on  the  other 
hand,  is  more  or  less  omnivorous,  but  appears  to  feed  principally 
on  the  faeces  oY  the  rat,  as  well  as  dirt  and  debris  of  all  kinds. 
Consequently  its  salivary  glands  have  a  function  in  the  insect's 
economy  entirely  different  from  that  of  the  adult  flea,  assisting 
probably  in  the  digestion  of  the  food,  and  their  larger  size  in  the 
larva  indicates  a  greater  secretive  acti\-ity  than  in  the  adult. 

III.    The  Male  Repi-odiictive  Organs. 

The  genitalia  of  the  male  flea  exhibit  a  singular  complication 
of  parts  and  of  their  arrangement,  but  are  nevertheless  very  easy 
to  dissect  out,  and  with  a  little  care  the  entire  reproductive  system, 
from  testes  to  penis,  can  be  mounted  as  one  preparation,  in  which 
every  detail  can  be  studied  with  the  exception  of  those  minuter 
points  of  structure  which  require  sections  for  exact  study. 

A  general  sketch  of  the  various  parts  is  given  in  Plate  28 
All  the  details  of  this  sketch  have  been  drawn  from  mounted 
dissections  with  the  camera  lucida  at  a  magnification  of  150 
diameters,  reduced  in  the  reproduction  by  one-half.  At  the  same 
time  the  relation  of  the  various  parts  and  their  relative  position 
in  the  body  has  been  checked  by  sketches  of  the  whole  system, 
both  of  such  parts  of  it  as  can  be  seen  through  the  body-wall  of 
the  flea  without  dissection,  and  also  as  it  is  seen  when  the  abdomen 
of  the  flea  is  freshly  opened  with  the  least  possible  disturbance  of 
the  organs. 

Most  anteriorly  are  situated  the  two  conspicuous  testes  (T  T  ) 
with  their  ducts  coming  off  from  them,  and  shaped  somewhat 'like 
a  pear  would  be  if  the  stalk  (the  duct)  came  off  from  its  thicker 
end.  The  testes  lie  dorsal  to  the  stomach,  but  vary  to  some 
extent  both  in  size  and  arrangement.  When  the  testes  are  of 
large  size,  as  m  the  younger  males,  they  lie  one  in  front  of  the 
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other,  and  then  the  duct  of  the  testis  lying  more  anteriorly  runs 
straight  back,  while  that  of  the  testis  situated  more  posteriorly  is 
coiled.  When  the  testes  are  smaller,  as  in  the  older,  more 
exhausted  males,  they  lie  side  by  side  and  their  ducts  run  straight 
back. 

When  the  testis  is  examined  it  is  seen  at  once  to  consist  of  two 
parts,  a  dilated  bladder-like  portion  of  ovoid  shape,  at  the  base  of 
which  is  a  coiled  tubular  portion.  The  bladder-Uke  portion 
appears  to  be  the  testis  proper  (T.),  while  the  coiled  tubular 
portion  (ep.^)  recalls  the  structure  in  the  human  testis  known  as 
the  epididymis,  and  may  be  known  conveniently  by  this  designa- 
tion. In  one  of  my  dissections  I  succeeded  in  uncoiling  the 
epididymis  forcibly,  by  pulling  on  the  duct  (ep.^).  It  was  then 
seen  that  the  epididymis  is  a  thin-walled  tube,  filled  with  ripe 
spermatozoa  ;  consequently,  from  the  point  of  view  of  function, 
the  epididymis  represents  a  vesicula  seminalis,  that  is  to  say  a 
receptacle  for  the  storage  of  ripe  sperm.* 

The  calibre  of  the  tubular  epididymis  narrows  rapidly  as  it 
passes  on  into  the  duct,  which  may  be  called  here,  as  in  other 
animals,  the  vas  deferens.  The  right  and  left  vasa  deferentia  (v.d.^ 
v.d.2)  run  back  a  little  way  and  join  to  form  the  common  vas 
deferens  (v.d.^),  but  it  can  be  seen  very  easily  that  the  union  of 
the  paii-ed  vasa  deferentia  is  merely  external  and  not  internal, 
since  the  lumina,  or  internal  cavities,  of  the  two  ducts  remain 
quite  distinct. 

The  common  vas  deferens  runs  to  a  set  of  glandular  structures 
wliich  I  regard  as  corresponding  to  a  pi-ostate  gland,  and  consist- 
ing altogether  of  four  blind  tubular  diverticula ;  a  median  pair  of 
short  tubules,  which  maybe  termed  the  median  prostates  (r.m.p.), 
and  a  much  longer  pair  of  lateral  tubules,  which  may  be  called 
the  lateral  prostates  (r.l.p.).  The  two  median  prostates  are  in 
close  contact,  but  their  cavities  are  quite  distinct  and  independent. 
The  walls  of  the  tubules  are  composed  of  a  single  layer  of 
glandular  epithehal  cells  of  small  size,  which  show  in  surface  view 
very  distinct  polygonal  outlines  (PI.  30,  B).     The  tubules  contain 

*  The  structure  of  the  testis  was  not  quite  correctly  described  in  our 
monograpii  on  the  development  of  T.  lewisi  (Minchin  and  Thomson,  I.e.). 
When   that   was  written  I  had   not  seen   the   epididymis   uncoiled,  and 
regarded  the   dilated   bladder-like  portion   of    the   testis   as   a   vesicula 
seminalis. 
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a  cavity,  relatively  .spacious,  in  which  I  have  never  seen  any 
spermatozoa ;  they  cannot  therefore  be  regarded  as  vesiculae 
seminales,  but  probably  have  a  purely  secretive  function. 

The  common  vas  deferens  runs  towards  the  median  prostates 
and  then  loops  round  them  in  a  i^eculiar  manner,  running  in  the 
valley  between  the  two  contiguous  median  prostates.  Just  after 
the  two  still  separate  ducts,  which  form  by  their  apposition  the 
common  vas  deferens,  have  passed  the  prostates,  there  is  a  slight 
dilatation  of  the  ducts  into  which  the  prostatic  tubules  open,  but 
quite  separately ;  that  is  to  say,  the  left  median  and  left  lateral 
prostate  open  into  the  left  half,  the  right  median  and  right 
lateral  prostate  into  the  right  half,  of  the  common  vas  deferens. 

The  common  vas  deferens,  after  receiving  the  openings  of  the 
prostates,  runs  on  towards  the  penis  as  a  duct  which  may  be 
termed,  as  in  other  animals,  the  ductus  ejaculatonus  (d.ej.). 
Like  the  common  vas  deferens,  however,  the  ductus  ejaculatorius 
is  a  double-barrelled  structui-e,  consisting  of  two  ducts  in  close 
contiguity,  but  with  distinct  internal  cavities. 

At  the  point  where  the  ductus  ejaculatorius  enters  the  penis 
there  is  a  most  singular  complication  of  structure.  The  proximal 
end  of  the  penis  is  prolonged  into  a  spirally  coiled  organ  which, 
for  lack  of  a  better  name,*  I  propose  to  call  the  "  corkscrew- 
organ,"  since  it  resembles  in  form  a  corkscrew,  or  a  spiral  drill  or 
borer,  of  about  four  turns  (c.s.o.).  The  ductus  ejaculatorius  runs 
straight  to  the  base  of  the  corkscrew  and  through  its  axis  ;  at 
the  point  where  it  enters  the  axis  of  the  corkscrew  the  ductus 
ejaculatorius  can  be  seen  very  plainly  to  be  still  double  ;  it  is 
difficult  to  make  out  clearly  what  happens  in  the  axis  of  the 
corkscrew,  but  when  this  structure  is  viewed  from  the  top,  it  is 
seen  equally  plainly  that  the  duct  emerges  from  the  axis  as  a 
single  duct,  no  longer  double-barrelled.  It  is  evident,  therefore, 
that  the  two  ducts  that  come  from  the  testes,  maintaining  their 
individuality  and  distinctness  up  to  this  point,  become  confluent 
at  some  .spot  in  the  axis  of  the  .screw.     This  .single  duct,  the  duct 

*  I  regret  to  say  that  my  meagre  acquaintance,  which  I  have  not  had  the 
lei.sure  to  extend,  with  the  vast  and  scattered  literature  relating  to  the 
anatomical  structure  of  insects,  is  inadequate  to  permit  me  to  .state  whether 
this  or  similar  organs  in  other  insects  have  been  studied  in  detail  and 
whether  there  exists  already  a  special  technical  term  for  the  structure 
which  I  term  here  in  a  purely  descriptive  manner  "  corkscrew-organ." 
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which  runs  the  whole  length  of  the  penis  may  be  caUed  dis- 
tinctively the  urethral  duct  (d.)  *  The  exact  point  at  which  it 
begins  in  the  axis  requires  to  be  determined  by  sections. 

The  urethral  duct  emerges  from  the  axis  of  the  corkscrew  at 
its  apex  and  there  turns  and  runs  outwards  round  the  outer  edge 
of  the  spii-al  of  the  corkscrew,  enclosed  between  two  chitinised 
bars,  or  more  correctly  thickenings  of  the  wall  of  the  duct. 
These  chitinous  thickenings  are  best  seen  in  unstained  prepara- 
tions of  the  penis  (PI.  29).  The  chitin  on  the  inner  side  of  the 
duct  {i.e.  on  the  side  of  it  turned  towards  the  axis  of  the  spiral) 
is  the  thicker  and  stronger  of  the  two,  but  is  only  continued 
from  the  base  over  about  three  turns  of  the  spiral,  while  the 
thinner  chitinous  bar  on  the  outer  side  of  the  duct  is  continued 
for  nearly  a  whole  turn  more. 

The  structure  of  the  corkscrew-organ  is  diliicult  to  make  out 
in  full  <letail  without  sections,  but  if  a  portion  of  the  spiral  be 
carefully  examined,  the  following  points  can  be  seen  in  dissections 
of  the  whole  apparatus  stained  and  mounted  (PI.  30,  A).  At  the 
extreme  outer  edge  of  the  spiral  is  seen  the  narrow  urethral 
duct  (d.)  with  its  chitinous  thickenings  on  the  inner  and  outer 
side.  Running  from  the  axial  region,  which  can  also  be  seen  in 
the  unstained  preparations  to  have  a  chitinous  support  (ax.),  is  a 
superficial  layer  of  radiating  striated  muscles,  which  run  across 
from  the  axis  centraUy  to  the  duct  peripherally;  this  layer  can  be 
focused  without  difficulty.  At  a  deeper  focus,  below  the  radiating 
muscles,  two  structures  can  be  made  out  lying  between  the  axis 
and  the  duct ;  close  to  the  axis  and  apparently  attached  to  it,  is 
a  spii-al  muscle  (sp.m.)  composed  also  of  striated  muscular  fibres  ; 
and  between  the  spiral  muscle  and  the  urethral  duct  is  a  cushion 
of  cells  which  appear  to  be  glandular  in  appearance,  but  sections 
would  be  necessary  to  determine  their  precise  histological  nature. 
These  various  structures  can  be  seen  best  in  the  lowest  coil  of  the 
corkscrew  •  they  are  depicted  in  Plate  30,  A,  but  it  is  difficult  to 

*  If  a  dissection  of  the  male  reproductive  organs  be  treated  with  caustic 
potash,  everything  up  to  the  base  of  the  corkscrew,  that  is  to  say  the  vasa 
deferentia,  prostates  and  ductus  ejaculatorius,  dissolve  away,  but  the 
urethral  duct  issuing  from  the  apex  of  the  corkscrew  remains  very  distinct; 
and  this  is,  as  a  matter  of  fact,  the  best  way  to  study  its  course.  It  would 
appear,  therefore,  as  if  the  urethral  duct  is  distinguished  from  the  other 
ducts  by  the  possession  of  a  chitinous  lining,  and  therefore  represents,  pro- 
bably, an  ingrowth  of  the  outer  integument  in  origin. 
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combine  clearly  in  one  sketch  things  seen  in  the  microscopic 
preparation  at  diflferent  foci. 

Seen  in  life,  that  is  to  say  in  a  freshly  dissected  flea,  the  cork- 
screw-organ is  usually  performing  peculiar  pulsating  movements, 
which  remind  one  to  some  extent  of  the  movements  of  the  hair- 
spring of  a  watch,  with  the  difference  that  the  hairspring  lies  in 
one  plane,  while  in  the  organ  of  the  flea  the  axis  of  the  spiral  is 
prolonged  vertically  so  that  a  form  like  a  corkscrew  results.  It 
is  seen  that  in  the  li\'ing  condition  the  corkscrew  becomes  alter- 
nately first  longer  and  narrower  and  then  shoiter  and  broader. 
The  elongation  and  narrowing  of  the  corkscrew  is  doubtless 
brought  about  by  the  contraction  of  the  radiating  superficial 
muscles  ;  these  in  their  turn  are  antagonised  by  the  spiral  muscle, 
which  by  its  contraction  would  tend  natui-ally  to  make  the  cork- 
screw shorter  and  broader. 

As  to  the  function  of  corkscrew-organ,  I  can  only  offer  the 
suggestion  that  it  may  act  as  a  sort  of  sperm -pump.  The  move- 
ments seen  in  the  freshly  dissected  flea  may  perhaps  become  more 
active  and  regularly  rhythmical  during  the  act  of  copulation, 
and  serve  to  pump  the  sperm  on  from  the  ductus  ejaculatorius 
and  vasa  deferentia  into  the  penis.  This  is,  of  course,  a  mere 
conjecture  from  the  observed  facts  of  its  structure  and  activity. 
If,  on  the  other  hand,  the  cushion  of  cells  between  the  spiral 
muscle  and  the  duct  be  glandular  in  nature,  the  organ  as  a 
whole  must  have  other  functions  in  addition  to  that  of  acting 
as  a  pump. 

The  penis  is  an  organ  of  complicated  structure,  which  I  will 
deal  with  briefly ;  PI.  29  shows  what  I  have  been  able  to  make 
out  in  preparations  mounted  unstained,  or  further  cleared  with 
potash  before  mounting.  The  penis  (P.),  which  is  very  large  in 
proportion  to  the  size  of  the  insect,  is  made  up  of  strong  thick 
bars  of  chitin.  It  is  worked  mainly  by  strong  protractor  and 
retractor  muscles  attached  to  a  broad  bar  of  chitin  (b^),  which  is 
a  prolongation  of  the  dorsal  integument  at  the  right  and  left 
margins  of  the  pygidium.  The  median  retractor  muscles  (m.r.) 
are  attached  distally  to  a  prolongation  of  the  dorsal  side  of  the 
penis,  and  the  lateral  retractors  (l.r.m.)  are  attached  to  a  bar  (b^) 
which  arises  from  the  ventral  side  of  the  penis;  there  are  two  such 
bars,  right  and  left,  diverging  from  one  another  like  a  V ;  it  is 
clearly  impossible  that  the  penis  could  be  protruded  farther  from 


THE    RAT-FLEA,    CERAT0PH7LLUS  FASCJATUS    BOSC.  457 

the  body  than  the  point  of  insertion  of  these  bars  (V).  I  think 
it  probable  that  there  are  more  muscles  attached  to  b^  than 
are  seen  in  my  figure,  but  have  become  torn  away  in  the  dis- 
section. Both  b^  and  b^  can  be  seen  clearly  through  the  body- 
wall  in  the  uninjured  Ilea.  From  the  thick  beam  of  chitin 
which  forms  the  dorsal  part  of  the  penis  a  lateral  muscle  (l.m.) 
comes  off,  which  is  probably  attached  distally  to  the  integument. 
In  one  of  my  preparations  treated  \\'ith  potash,  spermatozoa 
could  be  seen  very  plainly  in  the  interior  of  the  urethral  duct, 
and  they  have  been  put  into  the  figure  on  PI.  29  in  order  to 
show  the  course  of  the  duct.  The  spermatozoa  (sp.z.)  begin  in  the 
lowest  coil  of  the  corkscrew-organ,  where  they  show  a  pecuUar 
festoon-like  arrangement.  As  the  duct  passes  into  the  body  of 
the  penis,  the  spermatozoa  take  on  an  arrangement  in  wavy 
bundles  and  the  caHbre  of  the  duct  mdens  considerably,  and 
at  the  same  time  the  spermatozoa  show  that  the  duct  crosses  over 
the  chitinous  bar  which  forms  the  inner  boundary  of  the  duct  in 
the  corkscrew-organ,  and  which  has  now  become  very  much 
thinner  and  more  delicate,  passing  on  to  be  merged  into  a  much 
thicker  bar  on  the  ventral  side  of  the  penLs.  Just  a  little 
in  front  of  the  middle  region  of  the  penis  the  spermatozoa  are 
heaped  up  in  a  way  that  shows  the  duct  to  have  become  greatly 
enlarged  in  caUbre,  but  behind  this  point  the  spermatozoa  dis- 
appear altogether.  In  stained  preparations  it  can  be  seen  that 
the  penis  has  a  superficial  layer  of  muscles  which  appear  to  have 
a  criss-cross  arrangement,  and  lie  on  the  wall  of  the  widened 
spermatic  duct,  but  they  have  not  been  put  into  the  drawing,  as 
their  exact  po.sition  and  arrangement  are  difiicult  to  make  out 
clearly.  The  contraction  of  the  superficial  muscles  would  doubt- 
less have  the  effect-  of  contracting  the  lumen  of  the  penis  and 
ejecting  the  sperm. 

Such  are  the  main  points  of  the  structure  of  this  very  com- 
licated  apparatus,  so  far  as  I  have  been  able  to  make  them  out ; 
but  I  think  it  probable  that  there  are  more  minutiae  to  be 
described,  especially  with  regard  to  the  structural  details  of  the 
penis  and  "  corkscrew-organ." 

IV.    The  Female  Reproductive  System. 

As  regards  the  primary  sexual  organs  of  the  female  sex,  they 
are  of  the   usual  insectan  tj-pe,  and  can  be  dealt  with  briefly. 


/ 
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f  There  is  a  pair  of  ovaries,  lying  symmetrically  right  and  left  in 

/  the  abdomen  dorsal  to  the  stomach.     Each   ovary  consists  of  a 

I  number  of  ovarian  tubes  or  ovarioles ;  usually  four  on  each  side, 

I  but  in  one  of  my  mounted  preparations  there  are  five  ovarioles  in 

I       ,  each  ovary.     The  ovarioles  are  of  the  simplest  type,  composed  of 

[  successive  egg-chambers,  increasing  progressively  in  size,  without    , 

special  yolk-chambers.     The  ovarioles  of  each  side  unite  into  a 

short  paired  oviduct,  and  the  paired  oviducts  of   the   two  sides 

unite  into  a  median  unpaired  o\-iduct,  in  which,  probably,  the 

ovum  is  fertilised  and  subsequently  becomes  invested  by  a  shell. 

In  addition  to  the  ovaries  and  oviducts,  which  are  very  easy 
to  dissect  out,  there  lies,  ventral  to  the  rectum,  an  organ  found 
in  all  fertile  female  insects,  the  receptaculum  seminis,  into  which 
the  sperm  is  received  at  copulation  and  stored  up  in  order  to 
fertilise  the  eggs  as  required.  The  receptaculum  and  its  duct 
are  by  no  means  difficult  to  dissect  out  and  mount,  and  make  a 
singulax-ly  beautiful  and  fascinating  microscopic  preparation 
(PI.  31).  The  duct  is  coiled  up  into  a  veritable  labyrinth,  and  the 
sole  difficulty  in  the  dissection  is  to  uncoil  it  without  breaking  it. 
The  receptaculum  itself  (R.S.)  is  a  chitinous  capsule  with  a 
brown,  delicately  sculptured,  semi-transparent  wall,  and  a  peculiar 
form.  The  main  portion  of  the  capsule,  that  portion  from  which 
the  duct  arises,  is  roughly  spherical  in  form.  At  one  point,  which 
is  distant  from  the  origin  of  the  duct  by  about  one-third  of  the 
circumference  of  the  main  chamber,  an  outgrowth  or  diverticulum 
arises,  forming  a  second  chamber,  which  is  horn -shaped,  and 
bends  round  the  main  chamber.  The  horn-shaped  chamber  is 
connected,  on  its  concave  side,  to  the  main  chamber  by  a  sheet  of 
striated  mu.scle  (m.r.s.).  The  contraction  of  these  muscle-fibres 
must  clearly  have  the  efiect  of  approximating  the  horn-shaped 
chamber  to  the  main  chamber,  and  at  the  point  where  the 
horn-shaped  chamber  arises  from  the  main  chamber  there  is  a 
rim  of  chitin  which  appears  to  be  softer  than  the  rest  of  the  wall, 
forming  a  weaker  spot  which  apparently  serves  as  a  hinge, 
allowing  the  horn-shaped  chamber  to  be  moved  slightly ;  it  is  at 
this  spot  that  artificial  deformations  of  the  wall  of  the  capsule 
are  often  caused  as  the  result  of  slight  shrinkage  when  the 
receptaculum  is  mounted  in  Canada  balsam.  The  receptaculum 
is  usually  packed  with  spermatozoa,  which  can  be  seen  through 
the  wall  of  the  capsule,  but  better  still  if  the  capsule  be  burst 
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open  by  prev'^sure  under  a  cover-glass  when  freshly  dLs-sected  out. 
In  one  of  my  specimens  the  receptaculum  is  empty  and  contains 
no  spermatozoa  ;  this  specimen  is  also  the  only  one  I  have 
succeeded  in  mounting  in  Canada  balsam  without  any  shrinkage 
taking  place  in  the  hinge-region.  This  virgin  receptaculum  also 
shows  some  structures  in  the  interior,  the  nature  of  which  I  have 
not  been  able  to  make  out  clearly,  but  which  look  rather  like 
prolongations  of  the  duct  into  the  interior  of  the  main  chamber. 
Sections  would  be  necessary,  however,  to  determine  the  nature  of 
these  internal  arrangements,  which  are  not  visible  in  any  of  my 
specimens  that  are  filled  with  spermatozoa. 

The  duct  of  the  receptaculum  (d.,  d.,  d.)  is  of  extraordinary 
length,  and  just  where  it  arises  from  the  main  chamber  it  Ls 
surrounded  by  a  cushion  of  deeply  staining,  closely  packed  cells 
of  glandular  appearance  (gl.c.),  each  shaped  somewhat  like  an 
Indian  club.  The  duct  itself  has  an  ir  ternal  chitinous  lining 
secreted  by  an  external  epithelial  layer,  which  is  shallow  and 
contains  small  nuclei  in  great  number  but  shows  no  distinct 
cell-outlines.  At  its  proximal  end,  immediately  after  it  comes 
through  the  glandular  cushion  already  mentioned,  the  duct  Ls 
surrounded  by  a  great  number  of  rounded  cells  (gl.),  which  have 
clear,  lightly  staining  contents,  and  present  also  a  glandular 
appearance.  The  rounded  cells  are  thickly  clustered  round  the 
proximal  end  of  the  duct,  but  as  the  duct  is  followed  along  in 
a  distal  direction  they  diminish  in  number  and  gradually  thin 
out  until,  about  half-way  along  the  duct,  they  disappear 
altogether,  and  the  di.stal  half  of  the  duct  consists  only  of  the 
chitinous  lining  and  the  epithelium  with  small  nuclei. 

As  the  duct  approaches  its  termination  it  shows  some  peculiar 
complications,  forming  what  I  propose  to  call  the  terminal  organ 
(T.O.).  First  of  all  there  is  a  feeble  imitation  of  the  corksci-ew- 
organ  in  the  shape  of  a  broad  expanded  plat«,  apparently 
chitinous,  on  one  side  of  the  duct,  which  performs  a  spiral 
twist  of  one  complete  turn.  The  spiral  portion  passes  on  into 
a  short  length  of  the  duct,  which  has  on  one  side  a  thickening 
of  the  chitin  to  form  a  strong  bar  (c.b.),  bent  like  a  bow,  which 
is  strung,  so  to  speak,  by  a  strong  muscle  of  four  or  five  fibres 
(m.t.o.).  I  have  not  teen  able  to  determine  exactly  by  dissection 
where  the  duct  finally  opens,  whether  into  the  unpaired  oviduct 
or    into    a    terminal    genital    vestibule    or    vulva ;    sections,    or 
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perhaps   specimens   cleared   in   potash,    would   be    necessary   to 
determine  this  point. 

The  spermatozoa  live  a  very  long  time,  as  is  well  known,  in 
/  ^^®  receptaculum,  and  are  used  up  gradually  to  fertilise  the  eggs 

as  they  are  laid.     In  the  queen-bee  it  is  known  that  the  inspect 
lays  fertile  eggs  for  at  least  three   years,    and    in   some   other 
insects  this  length  of  time  may  be  exceeded  by  a  considerable 
amount.     The  muscles  .seen  in  connection  with  the  receptaculum 
and  its  duct  may  be  connected  with  the  function  of  passing  out 
the  spermatozoa.     A  contraction  of   the  muscle  connecting  the 
horn-shaped  chamber  of  the  receptaculum  with  the  main  chamber 
would  probably  force  some  spermatozoa  out  into  the  duct.     On 
the  other  hand,  a  contraction  of  the  "  bowstring  "  muscle  of  the 
terminal  organ  would  bend  the  "  bow,"  and  so  occlude  the  duct, 
preventing  anything  from  passing  out.     There  does  not  seem  to 
be  any  apparatus  for  forcing  the  .spermatozoa  up  the  duct  and 
into   the   receptaculum,    but   this   is    effected    probably   during 
copulation    by   the    male   intromittent   organ— possibly    by   the 
problematic  "corkscrew-organ."     The  spermatozoa  in  the  recep- 
taculum must  be  kept  alive  a  long  time,  and  may  be  nourished 
by  the  .secretion  of  the  glandular  cushion   round  the  origin  of 
the  duct,  while  the  rounded  gland-cells  on  the  duct  may  pe'I-form 
some  .similar  function  for  the  spermatozoa  during  their  passage 
down  the  labyrinthine  duct,  the  great  length  of  which  is  difficult 
to  explain  in  a  plausible  manner.     All  these  sugge.stions  have, 
however,  only  the  value  of  more  or  less  probable  surmises. 

In  the  tsetse-fly  the  receptaculum  is  a  paired  organ,  and  in 
the  gnat  there  are  three  receptacula,  one  median  and  two 
paired.  In  that  of  the  flea  there  is  no  sign  of  any  double 
structure. 

V.  Muscle-cells  of  Stellate  Form  in  the  Oesophagus  of  the  Flea. 

In  some  of  our  smear-preparations  of  teased  flea-stomachs, 
made  in  the  course  of  our  investigation  into  the  development  of 
Trypanosoma  hwisi,  there  were  to  be  found  occasionally  specimens 
of  the  flea's  oesophagus,  which  adhered  to  the  cover-glass  after  it 
had  been  fixed  with  Mayer's  sublimate-alcohol  mixture  and 
stained  by  Heidenhain's  iron-haematoxylin  method.  In  such 
preparations  it  is  easily  seen  that  the  oesophagus  has  a  beautiful 
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and  very  delicate  layer  of  muscular  tissue,  in  the  form  of  a 
network'  (PI.  32,  A,  B  and  C).  The  individual  muscle-cells 
are  branched  like  ganglion-cells,  and  their  processes  anastomose 
to  form  the  network.  Some  nodes  of  the  network  are  formed 
merely  by  the  union  of  two  or  three  such  processes,  while  other 
nodes  are  formed  by  the  body  of  the  cell,  and  contain  the 
cytoplasmic  cell-body  with  a  nucleus.  The  processes  themselves 
are  transversely  striated,  and  form  the  actual  muscle-fibres.  It 
can  be  seen  that  at  a  cellular  node  of  the  network  the  striated 
fibres  pass  right  through  the  body  of  the  cell  and  come  out 
on  the  other  side,  their  striation  and  individuality  becoming 
slightly  less  distinct  in  their  passage  through  the  cytoplasm  of 

the  cell. 

Remembering  that  I  had  seen  muscle-cells  of  a  somewhat 
similar  type  in  the  "  crop  "  or  "  sucking  stomach  "  of  the  tsetse- 
fly,  an  organ  which  is  morphologically  a  diverticulum  of  the 
oesophagus,  I  made  a  preparation  of  the  crop  of  a  common 
ho\xse-Hy  and  found  a  musculature  of  a  vtry  similar  type 
(PI.  32,  D,  E).  The  main  differences  are,  first,  that  the  cells 
are  on  a  much  larger  scale  of  size,  requiring  lower  powers  of  the 
microscope  for  their  study  ;  secondly,  that  the  muscular  network 
has  a  definitely  rectangular  arrangement,  those  fibres  which  run 
in  certain  directions  being  considerably  thickened,  and  connected 
with  one  another  by  delicate  fibres  running  across  at  right 
angles.  In  some  parts  the  thickening  of  these  longitudinal  fibres 
is  much  more  marked  than  in  others.  All  the  fibres,  even 
the  thinnest,  show  the  characteristic  transverse  striation  very 
distinctly. 

The  resemblance  of  the  muscular  network  in  the  two  cases 
raises  some  interestiiig  points  of  phylogeny.  In  the  first  place, 
it  should  be  noted  that  a  contractile  network  is  the  most 
efficient  arrangement  for  the  contraction  of  a  bladder,  since  it 
"ives  an  even  contraction  in  all  directions.  The  muscles  of  the 
human  urinary  bladder  are  also  arranged  in  a  network,  but  on  a 
much  larger  .scale  than  those  described  here,  since  the  strands  of 
the  network  are  not  outgrowths  of  individual  ceils,  but  are  made 
up  of  thick  bundles  of  contractile  cells.  It  is  therefore  not 
surprising  to  find  a  network  in  the  contractile  elements  of  an 
organ  such  as  the  crop  of  the  house-fly.  On  the  other  hand,  it 
is  rather  remarkable  to  find  it  in  the  oesophagus  of  the  flea. 
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Entomologists  are  generally  agreed  in  regarding  the  fleas  as 
modified  and  specialised  Diptera — that  is  to  say,  as  descended 
from  fly-ancestors.  If  so,  they  may  have  once  possessed  a  crop 
such  as  is  found  in  the  fly,  ])ut  which,  with  reduction  in  the  size 
of  the  body,  has  gradually  disappeared,  and  has  ceased  to  be 
developed.  Since,  as  has  been  pointed  out,  the  crop  is  formed  as 
a  diverticulum  of  the  oesophagus,  the  existence  of  such  an  organ 
in  the  ancestors  of  fleas  might  explain  the  persistence  of  a 
musculature  of  this  peculiar  type  in  the  oesophagus  of  the  flea. 
But  it  would  be  necessary  to  examine  the  oesophageal  muscula- 
ture of  other  insects  before  adopting  this  theory  as  an  explana- 
tion of  the  presence  of  stellate  muscle-cells  in  the  flea. 


DESCRIPTION  OF  PLATES. 

Plate  26. 

Abdominal  Nervous  Systems  of  the  Male  (left)  and 
Female  (right)  Flea,  magnified  90  Diameters. 

th.^  metathoracic  ganglion  ;  abd.^,  abd.^,  abd.^  and  abd.^,  first, 
third,  fifth,  and  sixth  abdominal  ganglia  ;  abd7,  7th  abdominal 
ganglion,  present  in  the  male,  wanting  in  the  female ;  T.g., 
terminal  ganglion-complex.  Note  the  difierence  in  the  size  and 
number  of  the  nerves  that  arise  from  T.g.  in  each  case. 

Plate  27. 
Salivary  Glands  of  the  Larval  and  Adult  Flea. 

A,  salivary  gland  of  the  larva,  magnified  60  linear  ;  d.,  duct, 
showing  at  its  distal  extremity  (to  the  right)  tlie  union  with  the 
corresponding  duct  from  the  other  side  of  the  body;  a  small 
portion  of  the  duct  is  seeii  magnified  400  linear;  r.,  reservoir; 
l.a.^  and  l.a.^,  the  two  anterior  lobes  of  the  gland  ;  l.p.,  the 
posterior  lobe. 

B  and  C,  the  salivary  glands  of  the  adult  flea,  at  B  magnified 
60  diameters,  for  comparison  with  A,  at  C  magnified  160;  d., 
duct ;   gl.,  the  two  pouch-like  glands. 
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Plate  28. 

General  View  of  the  Reproductive  Apparatus  of  the 
Male  Rat-flea,  seen  from  the  Right  Side. 

T,  T,  the  two  testes  ;  ep.\  the  left  epididymis  in  its  natural 
coil;  ep.',  the  right  epididymis  forcibly  uncoiled;  v.d.\  v.d.',  the 
left  and  right  paired  vasa  deferentia ;  v.d.^,  the  common  vas 
deferens;  r.l.p.,  the  right  lateral  prostate  gland;  r.m.p.,  the 
right  median  prostate;  d.ej.,  the  ductus  ejaculatorius ;  c.s.o., 
the  "  corkscrew-organ  "  ;  d.,  the  urethral  duct  running  spirally 
round  the  corkscrew-organ;    P,  the  penis.      x  75  linear. 


Plate  29. 

Chitinous  Skeleton  and  Principal  Muscles  of  the  Penis  and 
Corkscrew-organ  of  the  Male  Rat-flea,  from  the  Left 
Side. 

P,  penis ;  e.p.,  external  plates  of  the  posterior  end  of  the  body; 
b.',  chitinous  bar,  an  outgrowth  of  the  dorsal  integument; 
b.^,  chitinous  bar  arising  from  the  ventral-posterior  end  of  the 
penis ;  l.r.m.,  lateral  retractor  muscles  running  from  b.^  to  b.- ; 
m.r.m.,  median  retractor  muscle  running  from  b.  ^  to  an  out- 
gi-owth  of  the  dorsal  side  of  the  penis;  l.m.,  lateral  muscle 
running  from  the  side  of  the  penis  to  the  body-wall;  p.m.,  pro- 
tractor muscle,  running  fiom  b.^  to  the  penis;  c.s.o.,  corkscrew- 
organ;  ax.,  its  axial  skeleton  ;  d.,  the  urethral  duct;  sp.z.,  sp  z., 
spermatozoa  in  the  duct,  indicating  its  course  where  the  cork- 
screw-organ passes  into  the  penis,      x  150  linear. 

Plate  30. 

Details  of  the  Male  Reproductive  System  more  highly 
magnified. 

A,  a  portion  of  one  of  the  coils  of  the  "corkscrew-organ,"  seen 
from  the  lower  surface;  d.,  the  urethral  duct,  running  at  the 
extreme  outer  edge  of  the  spiral ;  ax.,  the  chitinised  axis  of  the 
spiral;  running  from  ax.  to  d.  are  the  superficial  radiating  muscles, 
Qlearly  seen  ;   below  the  radiating  muscles  two  structures  are 
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seen,  less  clearly ;  close  to  ax.  is  a  spiral  muscle,  sp.m.  ;  between 
sp.m.  and  d.  is  a  cushion  of  cells  with  nuclei,  apparently  glandular 
in  nature,      x  350. 

B,  a  portion  of  one  of  the  prostatic  tubules,  in  surface  view, 
showing  an  epithelium  composed  of  glandular  cells  with  very 
distinct  polygonal  outlines.      x  350. 

Plate  31. 
Accessory  Reproductive  Apparatus  of  the  Female  Rat-flea. 

R.S.,  receptaculum  seminis ;  m.r.s.,  muscles  connecting  the 
main  chamber  of  the  receptaculum  with  its  horn-shaped  pro- 
longation ;  gl.c,  cushion  of  gland-cells  surrounding  the  duct  at 
the  point  where  it  issues  from  the  receptaculum  ;  d.,  d.,  d.,  the 
long  coiled  duct  of  the  receptaculum,  seen  here  forcibly  uncoiled; 
gl.,  gland-cells,  thickly  crowded  on  the  proximal  part  of  the  duct; 
T.O.,  terminal  organ ;  c.b.,  bar  of  thickened  chitin  on  the  wall  of 
the  termination  of  the  duct ;  m.t.o.,  "  bowstring "  muscle  of 
the  terminal  organ.  The  apparatus  is  seen  at  a  magnification 
of  200  linear ;  at  A  and  B  are  seen  portions  of  the  duct  magnifie<j 
400  linear. 

Plate  32. 

Stellate  Muscle-cells  of  the  Oesophagus  of  the  Flea 
AND  the  Crop  of  the  House-fly. 

A,  oesophagus  of  the  flea,  magnified  —5-  linear,  showing  the 
muscular  network;  B,  a  detail  of  A,  magnified  1,000 ;  C,  a  detail 
from  another  specimen,  magnified  1,000,  showing  how  the  striated 
muscle-fibres  are  continued  through  the  cytoplasm  of  the  muscle- 
cells. 

D  and  E,  muscular  network  from  two  different  regions  of  the 
crop  of  the  house-fly ;  both  from  the  same  specimen,  and 
magnified  to  the  same  degree  as  A. 
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PART  I.     IXTEODUCTOET. 

(1)  Personal  Naeeative. 

In  this  memoir  we  give  a  detailed  account  of  investiga- 
tions wliich  have  occupied  us  intermittently,  with  many 
interruptions,  during  the  past  five  years.  When  we 
undertook  this  task  our  object  in  view  was  to  work  out  as 
fully  as  possible  the  life-history  and  mode  of  transmission  of 
a  trypanosome,  so  that  in  at  least  one  species  of  these 
important  parasites  its  relation  to  the  invertebrate  host 
might  be  as  thoroughly  known  as,  for  instance,  the  relation 
of  the  malarial  parasite  to  the  mosquito,  thus  furnishing  a 
standard  with   which   the    life-histories  of  other    species    of 
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trypanosomes  might  be  compared  and  contrasted  as  they 
become  known.  How  far  we  have  succeeded  in  our  task 
must  be  left  to  our  readers  to  judge. 

The  species  which  we  selected  as  the  subject  of  our  in- 
vestigations was  Trypanosoma  lewisi,  the  common 
parasite  of  i-ats  which  is  apparently  of  world-wide  distribu- 
tion. This  species  offers  many  advantages  for  such  a  study. 
It  is  common  in  London  and  easily  procured  when  required  ; 
its  vertebrate  host;,  the  rat,  is  a  mammal  of  small  size,  the 
domesticated  variety  of  which  lives  well  and  bi^eeds  rapidly 
in  confinement,  is  inoffensive,  and  is  easily  handled ;  its 
invertebrate  host,  the  rat-flea,  is  also  easy  to  keep  in 
captivity  and  is  extremely  prolific,  and  it  is  of  a  size  which, 
though  it  increases  to  some  extent  the  difficulties  of  manipu- 
lation, has  a  great  advantage  that  the  material  to  be  searched 
and  studied  microscopically  is  confined  -within  a  small 
compass  ^ ;  and  finally,  by  no  means  the  least  of  the 
advantasfes  of  working:  with  T.  lewisi  is  the  fact  that  it  is 
non-pathogenic  to  its  natural  host  and  cannot  live  at  all  in 
human  blood. 

Since  there  is  no  difficulty  whatever  in  obtaining  the 
vertebrate  host  in  abundance,  either  in  the  clean  (i.e.  non- 
infected)  or  infected  condition,  our  first  care  was  to  obtain  a 
stock  of  the  invertebrate  host,  the  flea.  This  we  succeeded 
in  doing  from  rats  trapped  in  the  open  near  Mr.  Gurney's 
Laboratory  at  Sutton  Broad,  Norfolk.  Fifty  specimens  of 
Ceratophyllus  fasciatus  were  obtained  in  this  way  in 
the  autumn  of  1908,  and  were  kindly  identified  for  us  by  the 
Hon.  N.  C.  Rothschild,  and  with  these  fleas  a  breeding-cage 
was  stocked  and  a  flea-farm  started.  The  cages  used  were  of 
the  type  used  by  the  Plague  Commission,  as  figured  in  the 
*  Journal  of  Hygiene,'  vol.  vi,  pi.  iv.  A  rat  was  kept  in  the 
cage  to  feed  the  fleas,  and  they  were  left  to  themselves. 
Ear]y  in  1909  one  of  us  (E.  A.  M.)  went  to  Rovigno  for  some 

^  An  advantage  which  those  will  appreciate  who  have  had  practical 
experience  of  searching  for  trypanosomes  through  many  centimeters  of 
the  digestive  tract  of  the  tsetse-fly,  for  instance. 
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three  montlis,  during  wliich  time  the  fleas  were  left  to  breed 
under  the  care  of  an  assistant,  whose  duties  consisted  of 
attending  to  the  rat  and  replacing  it  if  it  fell  ill  or  died. 
When  the  cage  was  examined  after  Easter  it  was  found  to  be 
swarming  with  fleas,  and  our  work  began  in  May,  1909.  We 
have  worked  ever  since  then  with  the  fertile  progeny  of  the 
original  fifty  fleas  from  Norfolk,  and  have  never  added 
further  to  our  stock  from  without.  The  fleas  breed  so  fast 
that  it  is  often  necessary  to  keep  their  numbers  down,  other- 
wise they  take  too  much  blood  from  the  rat  and  affect  its 
health.  Fresh  breeding-cages  have  also  been  started,  and 
during  the  greater  part  of  the  time  that  we  have  been  at 
work  we  have  kept  two  cages  constantly  going,  one  in  which 
the  fleas  are  fed  always  on  a  clean  healthy  rat,  and  another 
in  which  an  infected  rat  is  always  kept.  We  shall  refer  to 
these  two  cages  as  the  non-infected  and  the  infected  breed- 
ino"-cages  respectively.  As  will  be  shown  below,  the  stock  of 
fleas  with  which  we  have  worked  all  along  was  fortunately 
quite  free  from  any  natural  infection  with  leptomonad  or 
other  flagellate  parasites.  Thus  we  have  been  saved  from  a 
fertile  source  of  confusion  and  error,  since  we  can  be  quite 
certain  that  any  flagellates  found  in  our  fleas  are  stages  of 
T.  lewisi  and  nothing  else. 

Although  we  cannot  claim  that  in  our  work  we  have  solved 
completely  every  problem  presented  by  the  transmission  of 
the  trypanosome  and  its  development  in  the  flea — a  result 
which  probably  no  man  could  achieve  in  a  life-time — we 
think  it  now  fitting  that  we  should  publish  such  results  as  we 
have  obtained,  after  having  done  as  much  as  we  were  able  to 
do  in  the  time  and  under  the  circumstances.  We  claim 
at  least  that  we  have  not  jumped  to  our  conclusions;  our 
note-books  contain  not  only  the  records  of  many  experiments, 
but  also  of  the  dissection  and  examination  of  over  1,600  fleas, 
and  we  have  over  700  drawings  of  stages  of  the  development 
of  the  ti'ypanosome,  from  which  those  given  in  this  memoir 
are  a  selection.  It  would,  indeed,  have  been  easier  for  us  to 
have  written  a  plausible  and  apparently  complete  account  of 
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the  development  of  T.  lewisi,  fall  of  positive  statements, 
after  one  year  of  our  work  than  it  is  after  five  years,  during 
which  we  have  been  forced  by  the  logic  of  facts  to  abandon 
or  modify  many  of  our  earlier  conclusions  or  beliefs. 

It  is  our  pleasant  duty  at  this  point  to  express  our  thanks 
to  those  of  our  friends  and  colleagues  to  whom  we  are 
indebted  for  assistance.  To  Dr.  Woodcock  and  Miss 
Robertson  we  are  grateful  for  much  advice,  friendly  criticism, 
and  valuable  suggestions.  Our  work  could  not  have  been 
carried  out,  certainly  not  in  the  time  at  all  events,  without 
the  assistance  of  Miss  Rhodes,  who  has  not  only  drawn  all 
the  illustrations  with  a  skill  to  which  it  is  quite  unnecessary 
for  us  to  draw  the  reader's  attention  (siuce  the  figures  speak 
for  themselves),  but  has  also  relieved  us  of  a  large  part  of 
the  wearisome  drudgery  of  searching  through  the  microscopic 
preparations.  Mr.  George  Kauffmaun  has  been  most  helpful 
in  every  part  of  the  investigation,  not  only  assisting  in 
making  preparations,  examining  rats,  and  other  similar 
duties,  but  more  especially  in  carrying  out  intelligently  and 
enthusiastically  all  the  details  of  the  experiments,  in  which 
his  exti-aordinary  skill  and  resourcefulness  in  controlling  the 
wayward  flea  were  invaluable.  Dr.  D.  J.  Reid  has  given  us 
the  benefit  of  his  skill  and  experience  in  microphotography. 
From  our  colleagues  of  the  Lister  Institute,  Dr.  C.  J.  Martin, 
the  Director,  and  Mr.  Bacot,  who  have  been  themselves 
engaged  in  studying  the  transmission  of  plague  by  fleas,  we 
have  had  many  valuable  hints  and  help  in  various  ways.  To 
each  and  all  of  these  we  desire  to  express  our  cordial  thanks 
and  gratitude. 

(2)  Notes  ox  the  Flea,  Ceratophyllus  fasciatus. 
(aj  Anatomy.     Methods    of  Dissection. 

The  fleas   collected  for    dissection   and   examination  were 
thrown,   or  allowed  to  hop,    on    to    the    surface   of  a    small 
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quantity  of  salt-citrate  solution^  placed  in  a  suitable  glass 
capsule.  The  fleas  are  quite  helpless  on  the  surface  of  the 
liquid,  and  each  flea  that  it  is  required  to  dissect  can  be 
picked  off  the  surface  of  the  liquid  and  transferred  to  a 
small  drop  of  the  same  solution  on  a  slide  for  further 
operation. 

The  examinations  of  the  fleas  were  usually  conducted  by 
both  of  us  acting  in  concert.  Oue  of  us  worked  with  the 
dissecting  -  microscope,  extracted  the  parts  of  the  flea 
required,  placed  them  on  slides,  covered  them  with  glass 
slips,  and  handed  them  to  the  other,  who  proceeded  to  search 
them  carefully  through  under  a  microscope,  using  dr}^  lenses 
of  fairly  high  magnification  (Zeiss  D  or  apochromatic  4  mm.). 
In  some  cases  one  of  us  worked  entirely  alone,  but  it  is 
difficult  for  one  pei'son  to  cai-ry  out  satisfactorily  both  the 
dissection  and  examination  of  the  flea ;  the  various  parts  of 
the  digestive  tract  often  require  prolonged  and  careful 
searching  to  find  the  flagellates,  and  if  the  operator  be 
working  single-handed,  one  preparation  may  dry  up  while 
he  is  searching  through  another. 

For  the  dissection  of  the  flea-  the  following  apparatus 
was  used  :  A  pair  of  fine  needles  mounted  in  wooden 
handles,  a  fine  pair  of  forceps,  and  a  dissecting-microscope, 
besides  slides  and  coverslips.  The  needles  used  were 
sharpened  on  a  hone,  one  to  a  sharp  point,  the  other  to  a 
flat,  chisel-like  edge  with  rounded  corners.  The  pointed 
needle  was  the  more  useful  for  holding,  the  flat-edged  needle 

'  Made  up  as  recommended  by  Laveran  and  Mesnil,  namely :  1  grm. 
of  sodium  citrate  and  1  grm.  of  sodium  chloride  dissolved  in  200  cc.  of 
distilled  water.  This  mixture  appears  to  be  most  favoiu-able  for  the 
examination  of  living  tiypanosomes. 

^  If  an  operation  can  be  properly  called  dissection  which  consists 
in  treating  the  flea  as  the  Thracian  women  are  said  to  have  treated 
Orpheus:  "Discerptum  latos  juvenem  sparsere  per  agros " 
(i.  6.  fields  of  the  microscope,  in  this  case).  It  need  hardly  be  said 
that  our  object  was  not  to  study  the  anatomy  of  the  flea,  but  to  extract 
from  its  body  those  organs  which  might  possibly  harbour  developmental 
stages  of  the  trypanosome. 
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for  cutting.  The  dissecting-microscope  used  was  a  Zeiss 
binocular,  with  Xo.  4  eyepieces  and  the  paired  objectives 
F""^.  It  is  also  necessary  for  the  dissector  to  have  at  hand  an 
ordinary  microscope  armed  with  a  low  power,  since  it  is 
often  difficult  to  distinfjuish  the  minute"  orgfans  of  the  flea 
under  the  dissecting-microscope ;  the  intestine,  for  instance, 
if  severed  from  its  connections  might  easily  be  confounded 
with  a  portion  of  a  Malpighian  tubule. 

In  the  following  paragraphs  is  described  the  method  of 
procedure  for  making  what  may  be  considered  an  exhaustive 
examination  of  a  flea  for  trypanosomes ;  it  was  not  always 
necessary,  however,  to  attempt  so  much,  nor  is  it  claimed 
that  the  entire  operation  was  always  successfully  carried  out, 
since  both  our  knowledge  of  the  flea's  anatomy,  and  our  skill 
in  extracting  the  organs  required,  advanced  considerably 
during  the  progress  of  our  investigations. 

The  flea,  as  stated  above,  is  picked  up  with  a  fine  pair  of 
forceps,  holding  it  by  its  head,  and  placed  on  a  slide  (slide  1) 
in  a  drop  of  salt-citrate  solution.  The  first  operation  is  to 
cut  off  the  head,  which  is  not  always  easy  if  the  flea  be  a 
lively  one,  in  which  case  it  is  best  to  asphyxiate  or  drown  the 
flea  partially  by  holding  it  under  water  with  the  forceps  for 
a  short  time.  To  decapitate  the  flea,  hold  it  still  by  pressing 
the  pointed  needle  across  the  thorax,  and  with  the  flat-edged 
needle  cut  across  the  head  in  the  region  of  the  eyes.  The 
severed  head  may  then  be  removed  to  another  slide  (slide  2), 
covei'ed  with  a  cover-glass,  and  the  contents  of  the  pro- 
boscis examined ;  but  as  the  proboscis  was  never  found  to 
contain  trypanosomes  we  ceased  to  trouble  about  it  in  our 
later  studies. 

It  is  frequently  the  case  that  the  flea  has  its  rectum  filled 
with  faeces  or  with  partially  digested  blood,  and  when  this  is 
so  it  happens  commonly  that  the  rectum  empties  itself  by  a 
violent  contraction  at  the  instant  that  the  head  is  severed 
(sometimes  also  eggs  are  extruded)  ;  or  if  the  evacuation  does 
not  take  place  at  this  point  in  the  proceedings,  it  is  very 
difficult  to  avoid  squeezing  out  the  contents  of  the  distended 
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Text-fig.  1, 


an 


Digestive  tract  of  a  female  flea,  dis- 
sected out  and  dra-vvn  witli  the 
camera  lucida  at  a  magnification 
of  60,  reduced  in  tlie  reproduction 
to  40.  The  anterior  part  of  the  dis- 
section is  seen  in  ventral  view  ;  the 
rectum  and  its  surroundings  in  side 
view.  tes.  (Esophagus,  'prov.  Pro- 
venti-iculus.  St.  Stomach.  Mt.  a. 
Malpighian  tubule  of  the  anterior 
pair;  that  on  the  left  side  of  the 
stomach  is  shown  in  its  normal 
position,  that  on  the  right  has  its 
distal  limb  pulled  out  and  away 
from  the  stomach.  Mt.  p.  Malpig- 
hian tubule  of  the  posterior  pair. 
int.  Intestine,  r.  j).  The  six  rectal 
papillffi.  B.  The  rectum,  t.  s.  Ter- 
minal sejjments.     an.  The  anus. 
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rectum  daring  the  subsequent  operation  of  opening  the 
abdomen.  In  cases  where  faeces  are  thus  extruded  the  body 
of  the  flea  is  removed  at  once  to  another  slide  (slide  3),  and 
the  fa3ces  left  on  slide  1  are  covered  with  a  slip  and 
examined. 

Through  the  integument  of  the  flea  the  stomach  can  be 
seen  lying  ventrally  in  the  anterior  |-  of  the  abdomen,  and 
often  the  rectum  can  be  seen  at  the  hinder  end  in  the 
dorsal  region.  The  ventral  posterior  and  dorsal  anterior 
part  of  the  abdomen  is  seen  to  be  occupied  by  a  whitish 
mass,  most  conspicuous  in  the  female,  and  consisting  chiefly 
of  the  reproductive  organs. 

The  next  stage  in  the  proceedings  is  to  open  the  body  of 
the  flea.  This  is  done  near  the  hinder  end,  at  about  the  level 
of  the  fourth  or  fifth  tergite  of  the  abdomen.  The  body  is 
held  still  with  the  pointed  needle,  with  which  the  thoracic 
region  is  pressed  down  or  speared,  and  with  the  flat-edged 
needle  the  body-w^all  is  cut  through  dorsally  and  ventrally  in 
the  region  indicated,  and  the  hindermost  segments  of  the 
abdomen  gently  detached  in  such  a  way  as  to  separate  the 
integumental  portions  Avithout  rupturing  or  tearing  the 
internal  organs.  It  is  especially  important,  if  it  be  desired 
to  examine  the  contents  of  the  body-cavity,  that  the 
digestive  tract  should  not  be  in  any  way  torn  or  punctured. 
By  holding  the  anterior  part  of  the  body  and  pulling  gently 
on  the  detached  hinder  part,  the  gut  can  be  stretched  out 
and  seen  in  nearly  its  full  length ;  the  stomach,  usually 
containing  a  greater  or  less  amount  of  more  or  less  digested 
blood,  is  seen  projecting  from  the  anterior  part  of  the  body, 
the  rectum  is  contained  in  the  detached  hinder  part,  and 
stretching  between  the  two  is  the  intestine  like  a  delicate 
white  filament,  exposed  in  its  whole  length,  but  more  or  less 
obscured  by  the  fat-body,  Malpighian  tubules,  and  generative 
organs,  especially  by  the  large  ovaries  in  the  female  ;  these 
organs  render  the  female  flea  much  more  difficult  to  dissect, 
in  spite  of  its  larger  size,  than  the  less-encumbered  male. 
The  generative  organs  and  as  much  as  possible  of  the  fat- 
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body  are  now  pulled  out  ou  to  the  slide  and  cut  off  from  the 
body,  care  being  taken  not  to  injure  the  gut.  The  carcase  of 
the  flea,  with  the  hinder  part  hanging  on  by  the  still  intact 
intestine,  is  now  removed  to  another  slide  (slide  4),  and  the 
extracted  contents  of  the  body-cavity  ou  slide  3  can  be 
covered  with  a  slip  and  passed  on  for  examination;  but  so  far 
as  stages  of  T.  lewisi  are  concerned,  it  is  superfluous  to  do 
so,  since  they  are  never  found  in  the  body-cavity  unless  the 
gut  has  been  punctured  or  ruptured. 

The  next  step  is  to  divide  the  digestive  tract  into  two 
jDarts,  thereby  severing  completely  the  hinder  part  of  the 
body  from  the  fore-part.  This  is  done  at  the  point  at  which 
the  Malpighian  tubules  are  given  off  at  the  junction  of  the 
stomach  and  intestine,  the  region  which  represents  the 
ti'ansition  from  the  mid-gut,  lined  by  endoderm,  to  the  hind- 
gut  or  proctodaBum,  lined  by  ectoderm.  The  Malpighian 
tubules  are  four  in  number  in  the  flea;  two  of  them  run 
forward  a  short  way  on  the  wall  of  the  stomach  right  and 
left,  attached  to  it  by  fine  tracheal  tubes,  and  then  turn 
backwards  again  with  a  sharp,  elbow-like  bend  towards  the 
dorsal  side  of  the  body  ;  the  other  two  tubules  run  backwards 
parallel  to  the  intestine  and  alongside  of  it  towards  the  hinder 
end  of  the  body.  The  posterior  jjair  of  the  tubules  are  also 
bent  on  themselves  towards  their  distal  extremities,  but  not 
so  regularly  as  the  anterior  pair.  The  gut  is  cut  across  with 
the  flat-edged  needle  at  the  point  of  origin  of  the  tubules,  and 
if  this  be  j^erformed  accurately  one  pair  of  tubules  (the 
anterior  pair)  remains  attached  to  the  stomach,  the  other  pair 
to  the  intestine  ;  sometimes,  however,  all  four  tubules  remain 
attached  to  one  or  other  of  these  organs.  The  hinder  part 
of  the  body,  with  the  intestine  and  rectum,  is  now  removed 
to  another  slide  (slide  5).  The  stomach  is  then  pulled  back- 
wards out  of  the  anterior  part  of  the  body  on  slide  4,  and 
with  it  come  out  also,  continuous  with  its  anterior  termina- 
tion, the  proventriculus  and  the  oesophagus,  these  two  parts 
representing  the  embryonic  stomod^eum,  lined  by  ectoderm, 
while  the  stomach  represents  the  whole  of  the  embryonic  mid- 
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gut.  The  proventriculus  is  lined  by  a  thick  chitinous  cuticle 
prolonged  into  stiff^  curved,  pointed  spines,  densely  planted 
and  forming,  apparently,  a  straining  apparatus ;  it  is  approxi- 
mately globular  in  form  and  usually  contains  blood.  The 
<Bsophagus  is  a  delicate  tube,  its  walls  composed  of  the 
chitinous  cuticle  internally  and  a  delicate  network  of 
muscles  externally  ;  it  generally  performs  active  move- 
ments, twisting  from  side  to  side,  when  freshly  extracted. 

The  two  pairs  of  salivary  glands  are  situated  in  the  anterior 
region  of  the  abdomen  right  and  left  of  the  stomach.     Each 
gland  has  the  form  of  a  simple  oval  pouch,  the  wall  of  which 
is  composed  of  a  single  layer  of  large  cells  with  very  large 
nuclei.     From    each    gland    comes    off  a    duct,    which,    after 
running  a  short  distance,  unites  with  the  similar  duct  of  the 
other  gland  of  the  same  pair.     (In  one  instance  we  have  seen 
the  two  glands  of  one  side  of  the  body  fused  into  one,  but 
with  their  ducts  quite   separate ;  on  the   other   side    of  the 
body    there    was  a   pair  of   distinct   glands  in  their  normal 
relations).     The  common  duct  of  each  pair  of  glands  then 
passes  forwards  alongside  the  gut  through  the  thorax  into 
the  head,  where  it  meets  and  joins  with  the  corresponding 
duct  from  the  other  side  of  the  body.     The  common  salivary 
duct  then  runs  a  short  distance  and  opens  into  the  proboscis, 
doubtless    on    the    hypopharynx    as    in    other    insects.     The 
salivary  ducts  are  recognisable  at  once  under  the  microscope 
by  their  trachea-like  structure,  being  lined  by  a  thick  cuticle 
which  has  ring-like  thickenings;  the  rings  are,  howevei',  some- 
what irregular  and  easily  distinguishable  from  the  very  even 
and  regular  spiral  thickening  of  the  wall  of  a  tracheal  tubule. 
Externally  to  the  cuticular  lining  the  tubule  is  covered  by  an 
investing  layer  of  protoplasm,  of  uneven  thickness  in  different 
parts  and  containing  fairly  large  nuclei  at  irregular  intervals. 
The  ring-like  thickenings  of  the  cuticular  lining  become  less 
marked  as  the  ducts  approach  their  point   of  junction,  and 
cease  altogether  before  they  uiiite ;  the  cuticular  lining  being 
quite  smooth  in  the  common  duct  and  for  short  distances  in 
the  paired  ducts. 
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Not  infrequently  the  salivary  glands  come  out  with  the 
stomach  when  it  is  pulled  out;  more  usually,  however,  they 
do  not  do  so,  but  remain  in  situ.  In  such  cases  the  anterior 
part  ot"  the  body  is  removed  to  another  slide  (slide  6),  and 
the  stomach,  left  on  slide  4,  is  teased  up,  covered,  and  handed 
on  for  examination. 

Now  the  dissection  of  the  hinder  part  of  the  body,  on 
slide  5,  is  proceeded  with,  in  order  to  extract  and  separate 
the  intestine  and  rectum.  The  rectum,  situated  dorsally  to 
the  accessory  reproductive  apparatus,  penis  or  receptaculum 
seminis,  is  a  fairly  large  pear-shaped  organ,  the  stalk  of  the 
pear  terminating  in  the  anus.  The  slender  intestine  joins 
the  rectum  at  its  broad  end,  and  in  this  region  are  situated 
the  six  conspicuous  rectal  papillte,  remarkable  and  very 
characteristic  structures,  the  presence  of  a  single  one  of  which 
makes  it  easy  to  recognise  even  a  small  fragment  of  the 
rectum.  Behind  the  papillte  the  rectum  has  a  thin  wall,  to 
which  the  crithidial  stage  of  the  trypauosome,  when  present, 
is  usually  found  attached,  sometimes  in  vast  numbers.  In  its 
anterior  part,  the  region  of  the  papillae,  the  rectum  has  only 
circular  muscle  bands,  between  "svhich  are  w'ide  interspaces. 
In  the  hinder  region,  behind  the  papillae,  there  are  both 
circular  and  longitudinal  muscle-bands ;  the  latter  can  be 
traced  forward  to  just  behind  the  papillte,  at  which  point 
each  band  becomes  rapidly  narrowed  to  a  tendon-like  fibre, 
and  at  the  same  time  the  striations  of  the  muscle  disappear. 
The  tendinous  continuations  can  be  traced  forwards,  in  the 
living  condition,  for  some  distance,  but  we  have  not  made  out 
the  exact  points  of  their  insertion. 

The  intestine  is  characterised  by  a  continuous  coat  of  ring- 
like muscle-bands,  with  interspaces,  arranged  very  regularly 
external  to  the  epithelium.  When  the  edge  of  the  intestine  is 
focussed  under  the  microscope,  the  layer  of  circularly-disposed 
muscle-tibres  is  seen  in  optical  transverse  section  like  a  string 
of  beads.  The  intestine  is  frequently  seen  to  be  performing 
active  peristaltic  movements,  and  it  may  be  thicker  in  some 
parts  than  in  others,  owing  to  the  contraction  of  the  muscles. 
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The  rectum  must  be  dissected  carefully  out  of  the  hinder 
part  of  the  body,  so  that  it  remains  on  the  slide,  free  from  all 
the  adjacent  organs  or  chitinous  plates  of  the  integument. 
The  easiest  way  to  do  this  is  to  make  an  obliquely  longitudinal 
cut  with  the  flat-edged  needle  so  as  to  sever  the  ventral- 
anterior  half  of  the  hindmost  segments,  together  with  the 
genitalia,  from  the  dorsal-posterior  half  containing  the  rectum 
and  anus.  The  genitalia  can  then  be  removed  and  the  rectum 
extracted  without  much  difficulty.  It  requires  some  care  to 
separate  it  from  the  anus  without  injuring  it.  When  this  has 
been  accomplished,  all  unnecessary  debris  is  cleared  away. 
If  it  be  desired  to  make  separate  examinations  of  the  intestine 
and  rectum,  the  intestine  is  cut  oif  as  close  as  possible  to  its 
junction  with  the  rectum.  To  effect  this  it  is  best  to  spear 
the  rectum  with  the  pointed  needle  and  make  the  cut  with 
the  flat-edged  needle ;  or  the  operation  of  cutting  off  the 
intestine  may  be  performed  before  the  rectum  has  been  dis- 
sected out  from  the  hinder  part  of  the  body.  In  either  case, 
the  intestine  is  I'emoved  to  another  slide  (slide  7),  and  both 
rectum  and  intestine,  on  their  respective  slides  (5  and  7)  are 
teased  up,  covered,  and  passed  on  for  examination.  It  is 
not  difficult  to  tear  the  rectum  into  several  pieces  with  the 
needles,  but  it  is  not  so  easy  to  tease  up  the  intestine ;  it  is 
too  slender  to  make  sure  of  splitting  it  lengthways,  except  by 
good  luck  and  more  or  less  accidentally,  and  it  is  necessary  as 
a  rule  to  content  oneself  with  cutting  it  transversely  into  two 
or  three  short  pieces,  the  contents  of  which  are  generally 
squeezed  out  during  the  process. 

Finally  there  remain  the  salivary  glands,  on  slide  6,  in  the 
portion  of  the  carcase  consisting  of  the  thorax  and  fore-part 
of  the  abdomen  from  which  the  gut  has  been  extracted.  The 
salivary  glands,  as  has  been  stated  above,  are  lodged  in  the 
fore-part  of  the  abdomen  beside  the  stomach,  and  it  is 
generally  by  no  means  difficult  to  extract  them  when  the 
stomach  has  been  removed.  To  do  this  it  is  best  first  to 
spear  the  thorax  with  the  pointed  needle,  then  insert  the  flat- 
edged  needle  into  the  abdominal  cavity  from  behind,  and  rake 
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out  gently  the  contents  of  the  abdomen.  The  salivary  glands 
sometimes  come  out  fairly  clean,  but  more  often  they  are 
embedded  in  fat-body,  trachea,  etc.,  from  which  they  must 
be  carefully  freed  as  much  as  possible.  In  such  cases  they 
are  sometimes  a  little  difficult  to  detect  under  the  dissecting 
microscope,  but  their  position  may  be  traced  by  their  long, 
thread-like  ducts.  They  are  much  smaller  in  the  male  flea  than 
in  the  female.  Another  method  which  sometimes  succeeds 
better  in  extracting  the  glands  is  to  pull  on  the  integument 
of  the  thorax  with  one  needle  and  on  that  of  the  abdomen  with 
tlie  other.  Tlie  body-wall  then  often  tears  across  at  the 
junction  of  the  thorax  and  abdomen,  and  the  salivary  ducts 
are  seen  at  once  stretched  out  between  the  two.  By  continuing 
to  pull  the  thorax  forwards,  the  glands  may  be  pulled  out  of 
the  abdominal  cavity  and  are  seen  hanging  on  to  the  back  of 
the  thorax,  from  which  it  is  not  difficult  to  detach  them.  By 
this  method  the  glands  may  often  be  obtained  very  clean  and 
free  from  encumbering  fat  and  other  tissue.  When  the 
glands  have  been  extracted,  other  debris  is  cleared  away 
and  the  coverslip  is  put  on.  The  glands  are  veiy  soft  and 
are  crushed  immediately  by  the  weight  of  a  coverslip  if 
there  is  no  other  tissue  under  it ;  but  for  examination  of 
their  contents  this  is  not  a  disadvantage. 

In  the  foregoing  paragraphs  we  have  given  a  detailed 
account  of  a  full  examination  of  the  flea,  such  as  we  practised 
in  the  earlier  periods  of  our  investigation.  But  when  it 
became  evident  to  us  that  the  trypanosome,  during  its 
development  in  the  flea,  never  strays  beyond  the  limits  of 
the  digestive  tract  propei-,  we  were  able  greatly  to  curtail 
the  ritual  of  the  examination  and  to  omit  entirely  the  proboscis, 
body-cavity,  and  salivary  glands.  It  is  also  unnecessary,  as 
a  rule,  to  separate  the  intestine  and  rectum  in  the  dissection. 
Consequently,  our  later  examinations  were  reduced  to  (1)  the 
excluded  faeces,  if  any,  on  the  slide  on  which  the  flea  was 
decapitated;  (2)  the  stomach,  on  a  second  slide;  and  (3)  the 
i-ectum  and  intestine,  on  a  third. 

It  was  no  part  of  our  task  to  make  a  special  and  detailed  study  of  the 
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anatomy  o£  the  flea,  but  a  few  points  observed  by  us  incidentally  in  our 
dissections  may  be  noted  briefly  liere. 

The  neiTous  system,  of  wlncb  some  beautiful  dissections  were  made 
in  this  laboratoi-y  by  Majoi-  Christophei-s,  I.M.S.,  consists,  as  in  insects 
generally,  of  (1)  the  brain  or  supra-cesophageal  ganglion-complex, 
sending  off  the  peri-cesophageal  connectiA'es  which  pass  on  either  side  of 
the  CBSophagus  to  coimect  with  the  foremost  of  (2j  the  three  large 
thoi-acic  ganglia,  joined  by  connectives  to  form  a  series  which  passes  on 
into  (3)  the  abdominal  chain  of  ganglia.  It  is  a  very  difficult  operation 
to  dissect  out  the  brain  and  the  first  two  thoracic  ganglia,  but  it  happens 
veiy  fi'equently  that  in  the  ordinary  dissections  of  the  flea  the  third 
thoracic  ganglion  and  the  abdominal  chain  of  ganglia  are  exposed  entire 
and  in  continuity.  It  is  then  seen  that  the  abdominal  chain  consists 
of  a  series  of  small  ganglia  terminated  posteriorly  by  a  larger  ganglion  ; 
and  further  that  in  the  male  there  ai-e  seven  smaller  ganglia,  in  the 
female  only  six,  in  the  abdominal  chain.  The  larger  hindmost  ganglion,, 
from  which  neiwes  are  sent  off  to  the  genitalia  and  rectum,  evidently 
repi'esents  a  fusion  of  several  ganglia  equivalent  to  the  more  anterior 
smaller  ganglia.  Consequently  it  is  seen  that  the  concentration  and 
fusion  of  ganglia  at  the  hinder  extremity  of  the  ventral  chain  has. 
proceeded  a  step  further  in  the  female  than  in  the  male. 

The  genitalia  consist,  in  the  male,  of  a  conspicuous  pair  of  testes, 
situated  dorsally  in  the  abdomen,  and  a  pair  of  filamentous  glands 
(prostates?)  not  unlike  Malpighian  tubules  at  first  sight,  but  of  slightly 
smaller  calibi-e,  and  diffeidng  entirely  in  histological  stnictiu-e.  There 
is  no  separate  seminal  vesicle,  but  each  testis  is  a  tightly  convoluted 
tubule,  the  lower  end  of  which  is  dilated  to  contain  the  ripe  spermatozoa. 
Ducts  from  the  testes  and  prostates  unite  to  form  a  median  Ductus 
ejaculatorius,  which  opens  into  a  large  penis  of  veiy  complicated 
structure.  In  the  female  the  two  ovaries  occupy  practically  the  same 
position  as  the  testes,  but  take  up  much  more  space  and  extend  forwards 
to  the  most  anterior  limits  of  the  abdomen.  Each  ovary  consists  usually 
of  four  egg-tubes  or  ovarioles.  but  in  one  specimen  that  we  have 
mounted  as  a  permanent  preparation  there  are  five  ovarioles  on  each 
side.  The  ducts  of  the  ovarioles  unite  to  form  the  paired  oviducts,  and 
these  unite  in  their  tiu-n  to  f oi-m  the  common  oviduct.  Yenti-al  to  the 
common  oviduct  lies  the  unpaired  receptaculum  seminis.  consisting  of  a 
brown,  chitinous  capsule  of  a  peculiar  shape.  The  main  body  of  the 
capsule  is  spherical,  but  gives  off  a  curved,  hora-shaped  diverticulum, 
ending  blindly.  The  horn-shaped  portion  has  its  concave  curve  turned 
towards,  and  connected  by  striped  muscles  with,  the  spherical  part  of 
the  capsule.  A  slender  duct  of  great  length,  and  much  convoluted  near 
its  origin,  arises  from  the  spherical  part  of  the  capsule,  and  runs  back 
to  open  probably  into  the  distal  extremity  of  the  oviduct  or  into  the 
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genital  vestibule.  The  spherical  part  of  the  capsule  and  duct  of  the 
receptaculiim  are  surrounded  with  unicellular  glands,  thickly  clustered 
round  the  capsule  and  the  convoluted  portion  of  the  duct,  but  thinning 
out  and  becoming  smaller  towards  the  distal  end  of  the  duct.  The 
receptaculum,  dissected  out.  stained  and  mounted  for  the  microscope, 
is  a  singularly  Ijeautiful  object.  It  usually  contains  a  dense  mass  of 
sj)ermatozoa. 

The  heai-t  is  frequently  seen  in  dissections  at  the  hinder  end  of  the 
body  as  a  delicate  filament,  which  by  its  own  contractions  twists  and 
lashes  itself  about.  Under  the  microscope  it  appears  a  delicate  tube, 
beset  towards  the  hinder  end  by  the  pericardial  cells  which  are  attached 
to  it  ©neither  side,  right  and  left,  and  ai*e  crowded  together  towards  the 
hinder  end.  but  occur  more  sparingly  towards  the  middle  region  and  are 
wanting  in  the  anterior  third  of  theheai-t.  The  ostia  appear  to  be  con- 
fined to  the  posterior  region  of  the  heart,  but  we  have  not  made  out  their 
exact  number  or  arrangement.  For  the  pei'icardial  cells,  see  Minchin 
(1910). 

(b)   Notes    on   the    Parasites    of    the    Fleas. 

In  a  former  publication  one  of  us  (E.  A.  M.,  1910)  has  described  some 
parasites  found  in  our  stock  of  fleas.  The  most  important  was  a  form 
to  which  the  name  Malpighiella  refringens  was  given,  occurring, 
as  the  generic  name  implies,  in  the  Malpighian  tubules  of  the  flea. 
Since  that  time  this  infection  seems  to  have  died  out  entirely  in  our  fleas, 
and  we  have  not  seen  any  Malpighiella  in  the  fleas  dissected  by  us 
for  the  last  three  years  or  more.  Why  this  parasite  shoiild  have  died 
out  in  our  fleas  it  is  impossible  to  say,  but  it  may  be  remarked  that  no 
conditions  could  possibly  be  more  favoui*able  for  contaminative  infection 
from  flea  to  flea  (whether  from  adult  to  adult,  or  larva  to  laiwa,  or  adult 
to  larva,  or  vice  versa)  than  those  in  our  breeding  cages,  where  vast 
numbers  of  fleas  in  all  stages  of  development  are  herded  together  in  a 
confined  space.  Consequently  the  disappearance  of  Malpighiella  in 
our  cages  rather  indicates  that  the  fleas  do  not  acquire  infection  with 
this  parasite  by  the  contaminative  method. 

In  the  publication  referred  to,  numerous  yeast-like  bodies  were 
described  and  figiired  from  the  digestive  tract  of  the  flea.  Since  then 
we  have  found  organisms  of  this  kind  abundantly  in  smears  of  the 
salivary  glands  (text-fig.  24,  p.  642). 

In  the  larvae  of  fleas  that  we  have  dissected  and  examined  from  oui" 
cages  we  have  found  the  gregai-ine  Agrippina  bona  (Strickland, 
1912). 

The  cysticercoids  of  tapeworms  are  found  not  infrequently  in  the 
fleas.     Nicoll  and  Minchin  (1911)  described  two  species  of  cysticercoids 
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from  oiu-  fleas,  representing  Hymenolepis  diminnta  and  another 
species  of  the  same  genus.  We  have  found  the  same  two  species 
frequently,  and  also  have  in  oiir  possession  specimens  of  a  third  species 
not  identified.  The  cysticercoids  appear  sporadically,  and  are  sometimes 
quite  common  for  a  period,  and  then  are  not  found  again  for  a  long 
time.  This  uncertainty  in  their  occurrence  is  quite  intelligible,  since 
their  appearance  must  be  caused  by  the  introduction  into  the  cage  of  a 
rat  infected  with  tape-woi-ms,  which  doubtless  infects  a  large  number  of 
the  lai-vae  that  later  become  adult  fleas. 

The  point  upon  which  we  wish  to  lay  special  stre.ss  is  the 
absence  in  our  stock  of  fleas  of  any  flagellate  parasiteSj  and 
more  especially  of  the  leptomonad  described  by  Swingle  (1911) 
under  the  name  Herpetomonas  (Leptomonas)  pattoni. 
We  have  been  at  great  pains  to  convince  ourselves  upon  this 
point.  In  the  first  place  we  dissected  at  various  times  about 
eighty^  fleas  from  the  non-infected  breeding-cage  without 
finding  any  flagellates  of  any  kind  in  them,  while  flagellate 
parasites  occur  in  a  very  large  percentage  of  those  known  to 
have  fed  upon  infected  rats,  though  not  in  all,  since  the 
trypanosome  often  fails  to  establish  itself  in  the  flea,  and 
even  when  the  insect  has  been  fed  on  a  rat  with  trypanosomes 
swarming  in  the  blood,  they  often  disappear  completely  from 
the  digestive  tract  of  the  flea  within  twenty-four  hours  of  its 
having  fed. 

We  give  here  three  tables  (A,  B  (1),  and  B  (2))  showing  the 
results  of  dissections  of  fleas  from  our  stock  which  had  been 
put  upon  infected  rats,  and  so  had  had  the  chance  of 
acquiring  an  infection  of  T.  lewisi.  Fleas  do  not  always 
feed,  however,  when  given  the  opportunity  to  do  so, 
especially  in  cold  weather,'-  and  if  the  fleas  are  dissected  and 
examined  within  twenty-four  hours  after  having  been  put  on 
the   rat  (the  fleas  in  all  cases  having  been  kept  hungry  for 

'  As  a  matter  of  fact  we  dissected  far  more  than  this,  all  -nath  nega- 
tive results,  but  we  have  not  kept  exact  records  of  more  than  seventy- 
nine. 

-  Note  especially  the  twenty-one  fleas  of  Xovember  11th,  1911,  in 
Table  A,  of  which  eighteen  did  not  feed.  This  was  due  to  a  sudden 
cold  snap,  the  first  breath,  so  to  speak,  of  winter. 
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two  or  three  days  previously  to  being  put  on),  it  is  quite  easy 
to  distinguish  those  which  have  been  fed  from  those  which 
have  not  availed  themselves  of  the  opportunity  of  doing  so.  In 
this  way  useful  controls  are  obtained  for  determining  whether 
the  fleas  contained  any  flagellate  infection  before  being  used 
for  putting  on  the  infected  rat. 


Table  A. — Fleas  Examined  within  Twenty-four 
Hours  after  being  put  on  an  Infected  Rat,  to 
show  the  Numbers  that  had  or  had  not  Fed,  and 
the  Numbers  of  those  that  had  Fed  but  in 
which  no  Flagellates  were  Found. 


Number  of  fleas 

Number  of  fleas  which  ap- 

Date on  which 

Time  since  t 

Number  of 

apparently  not 

peared  to  have  fed  and 

the  fleas  were 

fleas  put  on 

fleas  put  on 

fed  and  contain- 

which contained : 

examined. 

infected  rat. 

the  rat. 

ing  no  flagel- 
lates. 

fa)  stages  of         (b)  No 
T.  lewisi.       flagellates. 

5  :  vii  :  '10 

6  hoiu-s 

3 

1 

2 

0 

19  :  vi  :  '11 

12      „ 

10 

2 

8 

0 

13  :  ii :  '13 

15      „ 

14 

3 

11 

0 

23  :  V  :  '11 

18      „ 

4 

1 

3 

0 

26  :  V  :  '11 

18      „ 

12 

1 

7 

4 

25  :  i  :  '13 

18      ., 

.9 

3 

5 

1 

30  :  i  :  '13 

18     „ 

5 

1 

4 

0 

6:ii:'13 

18      „ 

'8 

3 

5 

0 

4  :  iii  :  '13 

20     „ 

14 

12 

2 

0 

10  :  vi : 10 

24      ., 

4 

2 

2 

0 

6  :  vii  :  '10 

24      ., 

3 

2 

1 

0 

17  :  iii  :  '11 

24      „ 

5 

1 

3 

1 

15:vi:'ll 

24      „ 

11 

6 

4 

1 

26:ix:'ll 

24      ., 

17 

7 

8 

2 

30:ix:'ll 

24      „ 

22 

2 

18 

2 

3  :  X  :  '11 

24      „ 

13 

i 

12 

0 

6:x:'ll 

24      „ 

14 

2 

11 

1 

7  :  xi  :  '11 

24      „ 

17 

2 

11 

4 

ll:xi:'ll 

24      „ 

21 

18 

2 

1 

17:xi:ll 

24      „ 

17 

5 

10 

2 

24:xi:'ll 

24      „ 

20 

2 

12 

6 

5  :  xii  :  '11 

24      „ 

12 

3 

7 

2 

12  :  xii  :  '11 

36      „ 

6 

1 

5 

0 

2  :  vii  :  '12 

24      „ 

14 

8 

6 

0 

20  :  vi : '11 

24      ., 

14 

3 

8 

3 

Total        . 

.     289 

92 

167 

30 

Percentage 

.     100 

31-83 

57-79 

10-38 
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From  Table  A  it  is  seen  that  of  289  fleas  which  were  put 
on  infected  rats,  92  (3 1*83  per  cent.)  had  not  fed  and  con- 
tained no  flagellates,  167  (57-79  per  cent.)  had  fed  and 
contained  T.  lewisi,  and  30  (10*38  per  cent.)  had  fed  but 
contained  no  flagellates. 

In  addition  to  these  negative  data  we  have  had  the 
opportunity  of  comparing  our  stock  of  fleas  with  another 
stock  which  was  actually  infected  with  Leptomonas 
pattoni.  When  one  of  us  (E.A.M.)  was  in  Paris  in 
January,  1913,  he  was  very  kindly  pi*esented  by  Dr. 
E.  Chatton,  of  the  Pasteur  Institute,  with  some  living  fleas 
(Ceratophyllus  fasciatus)  from  a  stock  infected  with 
Leptomonas  pattoni.  These  fleas  were  brought  back  to 
London  and  a  fresh  breeding-cage  colonized  with  them.  The 
fleas  were  left  to  breed  for  a  year,  during  which  time  the  rat 
in  the  breeding-cage  was  changed  frequently,  but  none  of 
the  rats  put  in  acquired  any  trypanosome-infection.  When 
the  fleas  were  examined  at  the  beginning  of  1914,  they  had 
multiplied  enormously,  and  were  found  to  contain  Lep to- 
rn onas-infections.  We  did  not  keep  any  exact  records  of 
our  dissections  of  the  Leptomonas-fleas,  but,  roughly 
speaking,  about  50  per  cent,  of  the  fleas  contained  teeming 
infections.  The  leptomonads  appear  to  establish  themselves 
in  the  fleas  as  readily  as  does  T.  lewisi,  perhaps  more  so, 
since,  as  will  be  seen  from  Table  B  (1),  barely  more  than 
14  per  cent,  of  our  stock  of  fleas  contained  swarming  infec- 
tions when  exposed  permanently  to  infection  with  T.  lewisi 
in  the  infected  breeding-cage,  and  Table  B  (2),  if  we  count 
only  those  known  to  have  fed  on  an  infected  rat,  not  less  than 
six,  not  more  than  fourteen  days  previously,  gives  but  a 
slightly  higher  percentage  (21*19). 

We  may  conclude,  therefore,  from  a  comparison  of  our 
stock  of  fleas  with  those  bred  from  Dr.  Chatton's  stock 
infected  with  the  leptomonad,  that,  had  our  stock  also  been 
infected  with  leptomonads,  we  should  not  have  failed  to  find 
fleas  containing  leptomonads  in  those  fed  on  clean  rats  in 
the   first  place,    and  secondly,  that  the  percentage  of  fleas 
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Table  B. — Summary  of  the  Condition  of  Fleas  known 
to  have  Fed  on  Infected  Rats.  (1)  Fleas  taken 
at  Random  from  the  Infected    Breeding    Cage. 


Trypanosomas. 

Date. 

(Fleas 

dissected.) 

Experimeutal  infectivity  of  the 

1 

flea. 

Fleas. 

tsone. 

1 

Scanty. 

Swarming. 

[nfection  produced  by  5  fleas 

18  :  ii  :  '10 

3 

1 

Kr) 

of  wliich  3  were  dissected 

(Table  J). 

23  :  iii  :  10 

4 

1 

2 

l(s) 

30  :  iii :  10 

6 

1 

3 

2(s) 

.5  :  iv  :  '10 

6 

0 

3 

3  (Ir,  2s) 

8:iv:'10 

2 

0 

l(si) 

Ksi) 

10  :  iv  :  '10 

2 

1 

1 

0 

22:iv:'10 

4 

3 

0 

l(s) 

3  :  V  :  '10 

4 

4 

0 

0 

25  :  vii :  '10 

5 

2 

3 

0 

27:vii:'10 

3 

1 

2 

0 

5  :  viii  :  '10 

5 

2 

3 

0 

One  positive  (Table  K). 

6:ix:'10 

3 

3 

0 

0 

7  :  ix  :  '10 

4 

3 

1 

0 

14:ix:'10 

3 

0 

2 

l(s) 

15  :  ix  :  '10 

3 

0 

3 

0 

22  :  ix  :  '10 

3 

1 

1 

l(s) 

One  positive  (Table  K). 

23  :  ix  :  '10 

1 

1 

(► 

0 

Negative  (Table  K). 

24  :  ix  :  '10 

1 

1 

0 

0 

26:ix:'10 

2 

1 

0 

l(r) 

27:ix:'10 

3 

3 

0 

0 

28:ix:'10 

3 

3 

0 

0 

29:ix:'10 

3 

2 

0 

l(ir) 

3:x:'10 

2 

2 

0 

0 

6  :  X  :  '10 

2 

0 

1 

l(r) 

10:x:'10 

4 

1 

2 

l(r) 

13  :  X  :  '10 

3 

3 

0 

0 

All  negative  (Table  K). 

14  :  X  :  '10 

3* 

3 

0 

0 

One  positive  (Table  K) 

17:x:'10 

3 

1 

1 

l(r) 

All  negative  (Table  K) 

18:x:'10 

3 

2 

1 

0 

(Table  K) 

24  :  X  :  '10 

3 

3 

0 

0 

(Table  K) 

25:x:'10 

3* 

3 

0 

0 

One  positive  (Table  K) 

4:xi:'10 

3 

2 

1 

0 

(Table  K. 

8  :  xi  :  '10 

3 

2 

1 

0 

All  negative  (Table  K) 

15  :  xi  :  '10 

3 

2 

0 

l(r) 

One  positive  (Table  K) 

16  :  xi  :  '10 

3 

1 

1 

l(r) 

All  negative  (Table  K) 

21 :  xi  :  '10 

2 

2 

0 

0 

Both  negative  (Table  K).    | 

1  22  :  xi  :  '10 

2 

2 

0 

i  0 

(Table  I 

Q.   1 
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Trypanosomes 

Date. 
(Fleas 
dissected)     j 

Experimental  infectivity  of  the 

1 

flea. 

Pleas.  1 

None.       Scanty. 

Swarming. 

29:xi:'10 

1 

1 

0 

0 

30  :  xi  :  10 

2 

1 

0 

l(r) 

1  :  xii  :  '10 

i> 

0 

1 

1  (s) 

5  :  xii :  '10 

5 

1 

4 

0 

Injection  of  sal.  gl.  negative. 

6  :  xii :  '10 

2 

0 

2 

0 

7  :  xii  :  '10 

2 

0 

2 

0 

9  :  xii  :  '10 

2 

2 

0 

0 

Both  negative  (Table  K). 

13  :  xii  :  '10 

3 

9 

1 

0 

All  negative  (Table  K). 

14  :  xii :  '10 

3 

2 

1 

0 

,, 

15  :  xii  :  10 

6 

5 

1  (sr) 

0 

Fleas  infected  rat  239,  stom- 
achs rat  257  (Table  I). 

12  :  i  :  '11 

5* 

5 

0 

0 

Fleas  positive  (Table  I). 

13  :  i  :  '11 

6 

4 

2(r) 

0 

Stomachs  injected,  i^ositive 
(Table  I). 

26  :  i  :  '11 

6 

5 

1  (ir) 

0 

Negative  (Table  I). 

26  :  i  :  '11 

6* 

6 

0 

0 

Fleas  infected  rat  251, 
stomachs  rat  261  (Table 
I). 

27 : i  :  "11 

5* 

5 

0 

0 

Fleas  positive  (Table  I).       \ 

14:ii:ll 

10 

2 

6 

2 

Stomachs  injected,  2  posi- 
tive. 

28  :  ii :  '11 

10 

7 

2 

Kr) 

Stomachs  positive,  recta 
negative. 

7  :  iii :  '13 

8 

8 

0 

0 

13  :  iii  :  '13 

4 

0 

1  (sr) 

3  (2s,  Isr) 

14  :  iii  :  '13 

3 

0 

0 

3  (Is,  2sr) 

17  :  iii :  '13 

8 

8 

0 

0 

28  :  iii  :  '13 

9 

5 

4  (3s,  Isr) 

0 

31 :  iii :  '13 

7 

4 

0 

0 

4  :  iv  :  '13 

5 

4 

0 

1  (sr) 

7  :  iv  :  '13 

6 

0 

3  (sr) 

3(s) 

10  :  iv  :  '13 

6 

1 

4  (Is,  3sr) 

1  (sr) 

14  :  iv  :  '13 

2 

0 
144 

l(s) 

l(i) 

Total 

249 

70 

35 

Percentage 

100 

57-83 

2811 

14-06 

The  l)atches  marked  *  were  fleas  of  which  the  stomachs  and  other 
organs  were  kept  for  injection  into  rats,  and  were  therefore  examined 
hastily  and  imperfectly. 

s  =  stomach  ;  r  =  rectum ;  i  =  intestine. 


484 


E.   A.    MIXCHIX   AND   J.   D.   THOMSON. 


Table  B. — Summary  of  the  Condition  of  Fleas  known 
to  have  fed  on  Infected  Rats.  (2)  Fleas  fed  at 
Definite  Periods. 


Age  of  infection 
in  flea  (approxi- 

Date. 

No.  of 

Fleas  containing  Trypanosomes. 

fleas. 

matelyj.         ; 

Sone. 

Scanty. 

Swarming. 

6  hours 

14  :  vi  :  '10 

4 

0 

1  (s,  r) 

3  (2s,  Isr) 

>*              5J 

5  :  vii  :  '10 

2 

0 

l(s) 

1(8) 

12      „ 

28  :  iii :  '11 

5 

0 

2(s) 

3  (Is,  2sr) 

•»              ?J 

19  :  vi  :  '11 

9 

1 

2  (Is,  It) 

6  (5sr,  Ir) 

18      „ 

21  :  iii  :  '11 

9 

0 

6(s) 

3  (Is,  2sr) 

J>                 M 

23  :  V  :  '11 

4 

1 

1    (8) 

2  (sr) 

?I                 J? 

26  :  V  :  '11 

11 

4 

3  (2sr.  Ir) 

4  (Is.  3sr) 

?)                 J1 

25  :  i  :  '13 

6 

1 

2  (Isr,  Ir) 

3  (2s,  Isr) 

J)                 J? 

30  :  i  :  '13 

4 

0 

2  (Is,  Isr; 

2  (sr) 

6  :  ii  :  13 

5 

0 

l(si) 

4  (2s,  2sr) 

21      " 

4  :  iii :  '13 

2 

0 

0 

2  (s) 

24      „ 

10  :  vi  :  10 

4 

2 

2  (Isr,  Ir) 

0 

5>               J5 

6  :  vii  :  '10 

3 

2 

1  (r) 

0 

JJ               )» 

17  :  iii :  '11 

5 

2 

1  (s) 

2  (sr) 

15  :  vi  :  '11 

5 

1 

4  (sj 

0 

?J               JJ 

27  :  vii  :  '11 

28* 

10? 

12 

6 

1  :  viii  :  '11 

11* 

8? 

1 

2 

S»               ?? 

3  :  viii  :  '11 

29* 

12? 

13 

4 

>»               JJ 

30  :  ix  :  '11 

10 

2 

6  (4s,  2sr) 

2  (Is,  Isr) 

3  :  X  :  '11 

20 

2 

10  (6s,  4sr) 

8  (68,  Isr,  Ir) 

J>                 !> 

7  :  xi  :  11 

13 

i 

4  (Is,  Isr,  2r) 

8  (48,  4  sr) 

11  :  xi  :  '11 

12 

1 

9  (7s,  2sr) 

2  (2s) 

J»                J> 

17  :  xi  :  '11 

13 

2 

8  (5s,  2sr,  Ir) 

3  (2s,  Ir) 

J»                 J» 

24  :  xi  :  '11 

3 

1 

1   (8) 

l(s) 

5  :  xii  :  '11 

12 

2 

6  (4s,  2sr) 

4  (3s,  Isr) 

J>                'J 

9  :  xii  :  '11 

18 

6 

12  (s) 

0 

5>                 5> 

25  :  vi  :  '12 

10 

0 

4  (2s.  2sr) 

6  (Is,  osr) 

»                " 

2  :  vii  :  '12 

9 

o 

id 

2  (Is,  Isr) 

5  (Is.  4sr) 

24  :  vi  :  '13 

12 

0 

7  (2s,  3sr,  2r) 

5  (sr) 

36      '! 

20  :  vi  :  '11 

6 

1 

0 

5  (4s,  Isr) 

48      „ 

11  :  vi  :  '10 

6 

5 

1  (r) 

0 

)l             )> 

16  :  vi  :  10 

5 

5 

0 

0 

7  :  vii  :  '10 

5 

5 

0 

0 

)•             ?> 

18  :  iii  :  '11 

3 

2 

0 

1  (s) 

J?                 5> 

26 : iv  :  '  11 

6 

2 

4  (Is,  2sr,  Ir) 

0 

J5                 J> 

26  :  vi  :  '12 

10 

1 

3(sr) 

6  (59r,  Is) 

3  :  vii  :  '12 

10 

4 

3(r) 

3  (Is,  2r) 

60      I 

30  :  iu  :  '11 

4 

3 

1  (sr) 

0 

!>                 >» 

11  :  vii  :  '12 

16 

2 

12  (Is,  3sr,  8r) 

2  (Is,  Isr) 

3    days 

7  :  ix  : '09 

4 

2 

2  (Is,  Ir) 

0 

5>               J> 

16  :  ix  :  '09 

5 

4 

1  (s) 

0 

23  :  ix  :  '09 

3 

2 

1             0 

l(s) 
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Age 

of  infection 

Date.              ^ 

"lo.of 
tleas. 

Fleas  containing  Trypanosomes. 

in  flfcn.  ^ajJi/iu^u 

mately). 

•ione. 

Scanty. 

Swarming. 

3  days 

27  :  xi : '09 

5 

1 

2(sr) 

2  (Is,  Ir) 

17  :  vi  :  '10 

5 

5 

0 

0 

8  :  vii :  '10 

4 

4 

0 

0 

27  :  iv  :  '11 

10 

6 

4  (2s,  Isr,  Ir) 

0 

9 

55 

27  :  vi : '12 

10 

1 

5  (Is,  2sr,  2r) 

4  (Is,  3sr) 

4  :  vii  :  '12 

12 

6 

5  (Is,  Isr,  3r) 

l(r) 

34    „ 

12  :  vii  :  '12 

16 

4 

8  (Is,  7r) 

4  (Is,  3r) 

4      » 

8  :  X  :  '09 

6 

1 

4  (sr) 

l(sr) 

15  :  X : '09 

8 

4 

2  (sr) 

2  (sr) 

19  :  ix  :  '10 

3 

0 

1  (sr) 

2  (Is,  Isr) 

55              9 

28  : iv  :  '11 

10 

5 

5  (Is,  4sr) 

0 

J»              )j 

5  :  vii  :  '12 

12 

9 
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containing  flagellates  would  have  been  far  higher  than  is 
shown  by  our  tables,  in  fleas  exposed  to  infection  by  T. 
lewis  i.^ 

(c)  Notes  on  the  Histological   Structure  of  the 
Stomach  of  the  Flea. 

We  shall  have  occasion,  wlieu  describing  the  developmental  cycle  of 
the  tiypanosome  in  Part  II  below,  to  relate  how  the  trypanosome  pene- 
trates into  the  epithelial  cells  of  the  stomach  of  the  flea  and  goes  through 
a  process  of  multiplication  ^Ndthin  them.  It  is  a  necessary  preliminaiy, 
therefore,  to  understanding  the  effects  of  the  pai-asites  that  we  should 
preface  our  description  of  their  development  by  some  remarks  upon  the 
structure  and  contents  of  the  flea's  stomach ;  and  in  the  following 
section  we  give  an  account  of  our  observations  upon  these  matters, 
■without  claiming  to  have  added  anything  to  the  scientific  knowledge  of 
insect  histology. 

The  histology  of  the  digestive  tract  of  insects  has  been  the  subject  of 

'  Noller  (1912),  discussing  the  question  of  the  leptomonas-infection  of 
the  fleas,  remarks,  p.  398,  that  since  the  larva  of  the  flea  acquires  the 
infection,  adidt  fleas  bred  in  a  cage  can  be  infected,  and  that  conse- 
quently "the  aiTangement  of  the  experiments  (' Yersuchsanordnung')  of 
Minchin  and  Thomson,  who  used  fleas  bred  in  a  i-at-cage,  does  not 
coiTespond  to  the  requirements  ('  Anforderungen ')."  We  are  at  a  loss 
to  undei'stand  to  what  this  criticism  applies  or  what  are  the  "  Anforde- 
mngen  "  to  which  Noller  refers.  At  the  time  Noller  wi-ote  we  had 
pi;blished  only  our  three  preliminary  reports.  The  first  two  of  these 
(1910,  1911.  1)  refer  only  to  the  transmission  of  T.  lewisi  by  fleas, 
and  it  is  sufficiently  obvious  that  the  presence  of  leptomonads  in  the 
fleas  could  not  affect  in  any  way  the  value  or  significance  of  positive 
results  obtained  in  experiments  on  the  transmission  of  the  trypano- 
somes,  since,  ex  hypothesi,  the  tiypanosome  and  the  leptomonad 
parasite  are  in  no  way  connected.  Our  third  report  (1911,  2)  gave  an 
account  of  the  intracellular  multiplication  of  T.  lewisi  in  the  flea's 
stomach,  a  discovery  which  Noller  himself  has  confirmed,  and  which 
also  wordd  be  quite  unaffected  by  the  presence  of  leptomonads  in  the 
fleas.  Noller's  criticism  appears  to  us,  therefore,  both  premature  and 
superfluous  ;  premature,  because  our  stock  of  fleas  was  not,  as  a 
matter  of  fact,  infected  with  leptomonads;  and  superfluous,  because, 
even  if  the  fleas  had  been  infected  with  leptomonads,  it  would  have 
made  no  difference  to  the  experiments  and  observations  which  Noller 
criticises. 
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numerous  memoirs,  and  its  general  characteristics  are  very  well  known. 
It  would  be  beyond  the  scope  of  this  memoir  to  attempt  to  discuss  this 
subject  in  detail  or  to  cite  the  very  copious  literature  dealing  with  it ; 
but  of  recent  works  we  may  refer  more  especially  to  the  very  excellent 
monogi-aph  of  Leger  and  Duboscq  (1902),  who  have  studied  the  intestinal 
epithelium  of  Tracheata  from  the  same  point  of  view  as  ourselves,  that 
is  to  say,  with  the  object  of  describing  the  changes  produced  in  the 
epithelium  by  parasites  (gregarinesj  attacking  the  cells,  None  of  the 
insects  studied  by  Leger  and  Duboscq,  however,  were  of  blood-sucking 
habit  and  the  stomach-epitheliiun  of  the  flea  diffei-s  in  a  number  of 
points  from  any  of  the  epithelia  described  by  the  French  authors. 

The  wall  of  the  stomach  consists  of  the  following  principal  layers, 
counted  from  -n-ithin  outwards  (PI.  39,  fig.  126)  :  (1)  the  lining  epithe- 
lium, (2)  a  layer  of  circular  muscle  fibres,  and  (3)  a  layer  of  longitu- 
dinal muscle  fibres.  In  addition  to  these  layers,  which  are  vei-y  easily 
seen,  there  ai-e  to  be  found  also,  though  by  no  means  in  every  section, 
flattened  epithelial  cells  external  to,  and  in  contact  with,  the  lining 
epithelium,  between  it  and  the  circular  luuscle-layer ;  they  occui* 
sparingly  and  far  apai-t,  but  appear  to  represent  an  integral  and  perhaps 
primitive  constituent  of  the  wall  of  the  mid-gut.  Similar  flattened  cells 
are  found  here  and  there  on  the  Malpighian  tubules,  the  wall  of  which 
is  similar  in  histological  composition  to  the  stomach-wall  if  the  latter  be 
imagined  as  reduced  to  the  Uning  epithehum  and  the  flattened  cells 
alone,  without  the  muscle-layers. 

We  are  concerned  here  only  with  the  lining  epithelium  of  the 
stomach,  but  it  may  be  mentioned  in  passing  that  the  circular  muscle- 
fibres  occur  as  bands  or  separate  rings  with  considerable  intei-vals 
between  them,  and  conseqviently  do  not  appear  in  every  transverse 
section  of  the  stomach.  The  longitudinal  muscles  are  also  separated 
from  one  another  by  inteiwals,  a  fact  at  once  apparent  in  the  transverse 
section,  in  which  the  muscles  are  seen  cut  across  and  in  which  it  can 
further  be  seen  in  a  well-preserved  section,  that  each  longitudinal 
muscle-fibre  is  connected  to  its  neighbours  by  a  delicate  membrane, 
appealing  as  a  fine  ILue  running  between  each  adjacent  pair  of  muscle- 
bands  and  forming  a  delicate  sheath  or  investment  round  the  whole 
stomach.  The  circular  muscle-layer  is  continued  on  into  the  intestine, 
where  it  forms  a  continuous  investment  without  intervals  between  the 
bands  ;  the  longitudinal  muscles  end  at  the  pylorus  posteriorly  and 
start  anteriorly  behind  the  proventriculus,  which  has  its  own  system  of 
musculatui-e,  running  for  the  most  part  in  oblique  bands  arranged  sym- 
metrically right  and  left.  Each  muscle-band  in  the  stomach-wall  is  a 
single,  transversely-striated  fibre,  in  which  an  occasional  elongated 
nucleus  is  seen,  embedded  in  a  small  quantity  of  protoplasm. 

The  following  account  of  the  epithelium  and  contents  of  the  stomach 
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applies,  unless  otherwise  stated,  to  sections  of  tlie  stomacli  fixed  with 
Flemming"s   fluid   and   stained    with    iron-hsematoxylin    followed    by 

Text-fig.  2. 


Diagrammatic  representations  of  sections  of  the  epithelium  of 
the  flea's  stomach,  to  show  the  various  conditions:  a,  to  show 
a  section  through  an  epithelial  crypt  from  which  clear, 
regenerated  epithelium  is  arising  on  all  sides,  while  on  one 
side  three  black,  degenerated  cells  are  seen  (compare  fig.  316, 
PI.  44)  :  h,  to  show  the  manner  in  which  the  border  of  the  cells 
arises  in  relation  to  the  gradually-developed  separation  of  the 
cells  from  one  another ;  c.  to  show  the  transition  from  the  ordi- 
nary, columnar  type  of  epithelium  to  the  flattened  type. 


Lichtgriin-picric  (see  the  following  section  dealing  with  technique).     If 
such  a  section  through  a  number  of  stomachs — all  taken  from  a  batch 
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of  fleas  dissected  at  the  same  sitting  and  at  the  same  interval  of  time 
after  having  fed  on  the  infected  rat,  all  preserved  in  the  same  way,  all 
stuck  on  the  same  slice  of  liver,  cut  and  stained  simiiltaneously — be 
examined  even  in  the  most  cursory  manner,  very  considerable  differences 
are  seen  between  the  stomachs  in  one  and  the  same  microtome-section. 
These  differences  affect  both  the  epithelium  and  the  contents.  The 
epithelium  varies,  in  the  first  place,  in  the  form  of  the  cells,  from 
flattened  to  columnar,  and  secondly,  in  the  staining  reactions  of  the 
cells.  The  contents  of  the  stomach,  that  is  to  say  the  blood-debris, 
vary  greatly  in  colour,  staining  in  some  cases  deep  opaque  black,  or  less 
deeply  in  various  shades  of  grey,  in  other  cases,  however,  bright  yellow. 
The  variations  in  the  form  of  the  epithelial  cells  are  to  be  ascribed  to 
the  differences  in  the  degi-ee  to  which  the  stomach  is  dilated  by  the 
ingested  blood.  In  a  gorged  flea  the  distension  of  the  stomach  stretches 
the  epithelium  until  the  cells  become  thin  and  flattened  ;  but  when  the 
flea  is  hungry,  or  has  taken  in  a  small  quantity  of  blood,  or  when  the 
quantity  ingested  has  become  reduced  by  digestion  and  absorption, 
the  epithelium  resumes  what  may  be  considered  its  normal  columnar 
form.  Eveiy  gradation  between  the  flattened  and  columnar  conditions 
can  be  found  in  different  sections  or  in  different  parts  of  one  and  the 
same  section. 

The  variations  in  the  staining  reactions  of  the  epithelial  cells  depend, 
in  the  first  place,  on  the  age  or  senescence  of  the  cells.  It  is  a  matter 
of  common  knowledge  that  the  lining  epithelium  of  the  mid-gut  of 
insects  is  continxially  being  thrown  off  and  regenerated.  The  ordinary 
epithelial  cells  do  not  multiply  and  no  mitoses  are  ever  found  in  them  ; 
the  centres  of  regeneration  are  the  so-called  epithelial  crypts,  each 
representing  morphologically  a  small  diverticulum  of  the  epithelium  in 
which  the  approximation  of  the  cells  usually  obliterates  the  cavity  and 
produces  a  solid,  bud-like  mass  of  cells  (Text-fig.  2,  a  and  PI.  44,  tigs. 
314,  316).  When  a  flea's  stomach,  containing  a  certain  amount  of  ingested 
blood,  is  plunged  into  a  fixative,  the  epithelial  crypts  are  very  easily 
seen  with  a  hand-lens  or  with  the  naked  eye  as  little  opaque  white  spots 
in  the  semi-transparent  stomach-wall,  very  conspicuous  against  the 
reddish-brown  background  of  the  stomach-contents.  In  the  sections  it 
is  common  to  find  mitoses  in  such  a  crypt,  especially  towards  its  fundus 
(Text-fig.  2,  a).  As  the  cells  multiply  they  are  pushed  upwai-ds  to  the 
general  level  of  the  epithelium  and  outwards  from  the  crypt  to  rejilace 
the  old  epithelial  cells  which,  having  degenerated,  are  cast  off  from  the 
wall  into  the  lumen  of  the  stomach,  and  are  digested  there. 

The  young,  freshly-regenerated  epithelial  cells  have  the  cytoplasm 
clear,  staining  light-grey,  and  are  relatively  poor  in  granulations  ;  the 
older  cells,  on  the  contrary,  have  the  cytoplasm  full  of  granules  that 
stain  very    deeply,  until  finally  the  whole  cell,  including  its  nucleus 
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becomes  black  and  opaque.  Consequently,  the  epitlielia  of  different 
stomachs  show  very  varied  appearances.  A  recently  regenerated 
stomach  will  show  clear  epithelium  all  round,  and,  according  to  the 
time  that  has  elapsed  since  regeneration,  there  may  l)e  no  detached 
cells  in  the  lumen  of  the  stomach,  or  there  may  be  a  certain  number  of 
detached  black  cells,  or  there  may  be  still,  here  and  there,  isolated 
black  cells  or  patches  of  such  cells  in  situ  in  the  epithelium  or  in  pro- 
cess of  being  cast  off  from  it.  On  the  other  hand,  a  stomach  which  is 
about  to  be  regenerated  shows  very  dark  epithelium  all  round,  and  in 
places  this  may  be  in  process  of  rejection  and  replacement  from  the 
crypts,  in  which  the  cells  have  clear  cytoi^lasm.  The  condition  of  the 
epithelium  may  vary  in  different  parts  of  the  same  stomach,  and  from 
what  we  have  o])served  we  have  gained  the  impression  that  the  regenera- 
tion proceeds  usually  from  befoi'e  backwards,  so  that  the  anterior  part 
of  the  stomach  is  further  advanced  in  degeneration  or  regeneration,  as 
the  case  may  be.  than  the  posterior  region.  We  find  in  our  preparations 
all  possible  conditions  of  the  epithelium  in  different  stomachs  in  one 
and  the  same  microtome-section,  and  we  have  not  been  able  to  establish 
any  definite  relation  between  the  feeds  of  the  flea  and  the  regeneration  of 
the  epithelium,  but  we  have  not  paid  sufficient  attention  to  this  point  to 
be  able  to  state  positively  that  no  such  relation  exists ;  the  differences 
seen  in  the  ej)ithelia  of  flea-stomachs  examined  at  the  same  interval  of 
time  after  feeding  may  be  due  to  inequalities  in  the  rate  at  which 
digestion  proceeds. 

In  addition  to  what  appears  to  be  the  normal  process  of  senile  decay, 
in  which  the  cells  take  up  the  iron-hsematoxylin  stain  very  deeply  and 
become  black  and  opaqiie,  we  have  observed  a  second  mode  of  degenera- 
tion, which  we  are  inclined  to  ascribe  to  the  action  of  the  trypanosomes, 
since  in  all  cases  where  it  occurs  in  our  preparations  there  are  trypano- 
somes to  be  found  in  the  stomach,  and  frequently  in  the  degenerated 
cells  themselves.  In  this  second  tyi^e  of  degeneration  the  black-staining 
granules  in  the  cell  diminish  in  quantity,  without,  however,  disappearing 
entirely,  while  the  cytoplasm  of  the  cell  stains  yellow  (PL  39,  fig.  133 ; 
PL  40,  fig.  1-40) ;  hence  we  liave  generally  referred  to  this  condition  in 
our  notes  as '•  yellow  necrosis.''  In  all  the  stomachs  in  which  we  have 
found  it  the  blood-debris  is  also  stained  yellow,  and  it  is  often  very 
difficult  to  make  out  the  precise  boundary  of  the  necrosed  cell-body,  or 
to  distinguish  the  cells  from  the  debris  when  they  lie  free  in  it  (PL  39, 
tig.  125),  except  by  the  presence  of  the  nucleus  and  of  a  certain  number  of 
l)lack  granules  in  the  cytoplasm  of  the  necrosed  cell.  Indeed,  our  first 
impression  was  that  the  yellow  colouring  matter  of  the  blood  had  in 
some  way  penetrated  into  the  cell  and  stained  its  cytoplasm,  but  there 
can  be  no  doubt  that  this  idea  is  an  illusion  and  that  the  yellow  colour, 
both  of  the  blood-debris  and  of  the  necrosed  ceUs,  is  due  to  the  picric 
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acid  in  tlie  Liclitgi-iin-picric  staining  combination,  tliougli  it  is.  of 
course,  possible  that  the  substance,  whatever  it  may  be,  which  stains 
yellow  in  the  blood-del)ris  may  have  become  infiltrated  into  the  dead 
cells  and  given  them  their  peculiar  staining  properties. 

The  variations  in  the  staining  reactions  of  the  contents  of  the 
stomach  are  more  difficult  to  explain.  Thei-e  appear  to  be  two  types  of 
staining  after  the  use  of  the  iron-hsematoxylin-Lichtgriin-pici-ic  com- 
bination, one  in  which  the  contents  stain  in  various  shades  of  grey  up  to 
black,  with  a  gi-eenish  tinge,  and  one  in  which  they  stain  a  bright 
lemon-yellow.  It  is  not  possible  to  biing  these  two  types  of  staining 
into  one  series,  as  there  is  no  transition  between  them ;  the  grey-black 
and  the  yellow  types  occur  side  by  side  in  different  stomachs  in  one  and 
the  same  microtome-section,  and  each  stomach  shows  either  the  one  or 
the  other  condition  through  the  whole  series  of  sections.  So  far  as  our 
obseiwations  pennit  us  to  genei-alise,  the  gi-ey-black  series  represent 
the  normal  stages  of  the  digestion  of  the  blood ;  the  yellow  reaction 
appears  to  be  due  to  some  abnonaal  condition. 

The  blood  ingested  by  the  flea  is  veiy  soon  affected  by  the  digestive 
action  of  the  stomach,  and  the  red  coi-puscles  cease  to  be  I'ecognisable 
within  a  few  hours  after  digestion.  In  the  middle  period  of  digestion, 
that  is  twenty-four  hours,  or  thereabouts,  after  feeding,  the  blood  has 
become  thick,  viscous  and  brick-red  in  colour,  and  contains  immense 
numbei"s  of  iri-egularly  shaped  grains  of  all  sizes,  but  for  the  most 
pai-t  coarse  and  large.  Towards  the  end  of  digestion,  forty-eight 
hours  or  so  after  feeding,  the  stomach  contents  are  fluid  and  wateiy, 
dark  brownish-black  in  colour,  and  the  grains  are  much  diminished  in 
number  and  in  size. 

In  the  sections,  taking  first  the  grey-black  series,  the  blood  in  the 
earlier  phases  of  digestion  (eighteen  to  twenty-fovu-  hours)  usually  con- 
sists of  densely-packed  grains  and  spherules,  varying  in  size  from 
veiy  coarse  to  very  fine,  and  staining  intensely  black.  Between  the 
grains  there  is  visible  a  coagulated  alljuminous  matrix,  stained 
greenish  with  the  Lichtgriin-picric  combination.  The  stomach-contents 
fill  the  whole  section  and  adhere  closely  to  the  epithelial  cells, 
peneti-ating  down  between  them  when  they  have  the  columnar  form, 
but  in  the  centre  of  the  section  there  is  generally  a  clear  patch, 
circular  in  outline,  which  is  seen  to  owe  its  clear  appeai-ance  to  the 
fact  that  coarse  grains  are  absent,  and  it  consists  only  of  the  albuminous 
matrix  with  finer  gi-anules.  Hence  the  digestion,  or  more  probably  the 
passage  backwards  towards  the  rectum  of  the  indigestible  remnants,  of 
the  blood-debris  appears  to  proceed  from  the  centre  of  the  section — 
that  is  to  say,  from  the  axial  region  of  the  stomach — towards  the 
peripheiy. 

As  the  digestion  proceeds,  the  grains  in  the  debris  become  smaller 
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and  stain  less  deeply  ;  consequently  the  stomacli-contents  stain  gi'ey,  in 
varying  shades  of  darkness,  while  the  matrix  still  shows  the  greenish 
hue.  In  stomachs  thirty-six  hours  after  feeding  the  contents  of  the 
stomach  are  generally  greatly  diminished  in  quantity,  and  are  absorbed 
in  the  centre  of  the  lumen,  leaving  a  clear  space  of  variable  form,  while 
round  the  pei'iphery  the  greenish-grey  debris  adheres  close  to  the 
epithelium.  Leucocytes,  especially  tlie  polymoi-phonuclear  forms,  can 
be  recognised  in  the  blood  twenty-four  hours  after  feeding,  but  at 
thirty-six  hours  we  have  not  found  them.  Owing  to  the  lighter  tints  of 
the  stomach-contents  at  thirty-six  hours,  the  trypanosomes  free  in  the 
blood-debris  can  be  seen  more  easily,  in  contrast  with  the  earlier  state 
of  affairs. 

In  the  yellov.'  stomachs  the  contents  appear  at  first  almost  laniform,  but 
on  close  examination  they  are  seen  to  consist  of  closely-packed  granular 
substance,  all  of  which.  l)oth  granules  and  matrix,  is  coloured  by  the 
picric  acid  in  the  staining  combination  used.  The  first  point  that 
strikes  one  immediately  is  that  the  contents  in  such  stomachs  are  large 
in  quantity  and  fill  the  whole  stomach,  or  show  but  a  slight  amount  of 
absoi-ption  towards  the  centre  of  the  section,  even  at  thirty-six  hours, 
when  the  contents  of  the  grey-black  stomachs  are  considerably 
diminished.  The  epithelium  of  the  yellow  stomachs  may  vary  from 
the  flattened  to  the  columnar  form,  but  the  normal  cells  stain  grey  or 
black,  in  sharp  contrast  with  the  yellow  contents. 

It  seems  obvious  from  these  data  that  the  yellow  stomachs  represent 
an  abnormal  condition ;  we  have  endeavoured,  not  very  successfully,  to 
find  a  relation  between  this  condition  and  either  the  presence  of 
trypanosomes,  on  the  one  hand,  or  the  state  of  the  epithelium  on 
the  other. 

In  the  yellow-staining  stomachs  which  we  have  studied  we  have  found 
trypanosomes  to  be  present  in  the  stomach  in  every  case  except  one,  and 
in  that  case  there  were  attached  clumps  of  crithidial  forms  imme- 
diately behind  the  pylorus,  showing  that  the  stomach-phase  was  over. 
But  on  the  other  hand,  we  have  found  the  gi-ey-black  condition  of  the 
contents  in  well-infected  stomachs  also,  showing  at  least  that,  if  the 
yellow  condition  is  in  any  way  due  to  the  parasites,  they  do  not  always 
produce  that  effect.  On  the  other  hand,  in  those  cases  in  which  we 
have  found  no  trypanosomes  at  all,  either  in  the  stomach  or  outside  it, 
the  contents  are  always  in  the  grey-black  condition.  A  significant 
circumstance  is,  pei'haps,  the  fact  that  we  have  only  found  the  "  yellow 
necrosis  "  of  the  cells  in  stomachs  with  yellow-stained  contents. 

As  regards  the  condition  of  the  epithelium,  we  have  found  the  yellow 
condition  of  the  contents  associated  (1)  with  epithelium  black  all  round 
and  in  process  of  being  cast  off,  or  (2)  with  epithelium  mostly  clear,  but 
with  black  patches  of  cells  in  situ  or  detached  ;  in  one  such  stomach  the 
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first  condition  is  found  in  the  anterior  half,  the  second  in  the  posterior. 
We  can  state,  therefore,  that  in  onr  experience  the  yellow-stained 
contents  occur  only  in  stomachs  aljout  to  be  regenerated,  or  in  process 
of  regeneration,  or  very  recently  regenerated.  But,  again,  we  have 
found  the  grey-black  condition  in  stomachs  that  appeared  also  to  have 
undergone  regeneration  veiy  recently,  which  makes  it  difficult  to 
correlate  this  condition  with  the  process  of  I'egeneration.  The  question 
of  the  significance  and  cause  of  the  yellow-staining  condition  of  the 
stomach-contents  must  be  left  an  open  question  at  present ;  the  data  to 
hand  do  not  suffice  for  drawing  decisive  conclusions,  and  it  would  lead 
us  too  far  to  attempt  further  investigations  upon  this  problem.  On  the 
whole,  however,  it  seems  at  least  probable  that  we  are  dealing  with  an 
abnormal  state  of  the  digestive  processes  towards  which  the  trypano- 
somes  are  a  contiubutory  cause,  if  not  the  sole  one. 

As  already  stated,  the  different  conditions  of  the  stomach-contents 
described  above  are  those  seen  after  staining  with  iron-hgematoxylin  and 
Lichtgriin-pici-ic.  After  the  use  of  Giemsa's  stain  the  colour  of  the 
contents  differs  considerably  in  different  cases. 

Most  of  our  sections  stained  with  Giemsa  were  fixed  with  Maier.  In 
those  in  which  the  trypanosomes  were  best  stained  and  show  the  flagella 
clearly  and  sharply  the  grains  and  spherules  of  the  debris  are  coloured 
for  the  most  part  orange-pink,  especially  in  those  stomachs  in  which 
the  digestion  of  the  blood  is  further  advanced  (figs.  109,  113,  PI.  38) ;  in 
the  earlier  stages  of  digestion  many  of  the  larger  grains  and  masses  in 
the  debris  are  stained  deep  purple,  making  the  contents  of  the  stomach 
more  opaque.  In  one  of  our  series  preserved  in  Flemming,  consisting 
in  all  of  seven  slides,  the  first  six  were  stained  with  the  iron-hsematoxy- 
lin-Lichtgriin-picric  combination,  the  seventh  with  Giemsa's  stain ;  on 
this  seventh  slide  there  are  sections  of  four  stomachs,  two  of  which,  on 
the  other  six  slides,  show  grey-black  contents,  while  the  remaining  two 
have  the  contents  yellow  in  colour.  In  the  Giemsa-stained  slide  the 
blood-debris  shows  a  coloration  very  different  after  Flemming  to  that 
which  it  shows  after  Maier,  being  stained  a  bluish-green  tint.  The 
stomachs  of  the  yellow  type  are  slightly  more  blue  in  tint  than  those  of 
the  grey-black  series,  but  otherwise  the  difference  between  them  is  but 
slightly  marked. 

Having  now  described  the  chief  variations  in  the  conditions  of  the 
stomachs  and  their  contents,  or  at  least  those  differences  which  are 
obvious  upon  the  most  cui-sory  inspection  of  the  sections,  it  remains 
to  give  a  more  detailed  account  of  the  epithelial  cell.  In  any  given 
stomach  the  cells  show  great  individual  variation  in  form  and  structure, 
but,  nevertheless,  it  is  not  possible  to  divide  them  into  distinct  classes. 
There  are  no  special  glandular  or  secreting  cells,  as  described  by  Leger 
and  Duboscq  in  other  insects,  and  all  the  cells  of  the  general  epithelium 
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of  the  stomach  of  the  flea  are  to  be  regarded  as  eqiiipotential,  the 
differences  visible  between  them  being  merely  the  expression  of  varying 
physiological  conditions  in  relation  to  their  changing  environment, 
on  the  one  hand,  or  to  their  constitutional  vigour  or  senescence,  on  the 
other.  Hence  it  is  possible  to  give  a  generalised  description  of  the 
cells,  beginning  first  with  the  normal,  healthy  cell  and  dealing  afterwards 
with  the  changes  it  undergoes  in  the  process  of  degeneration. 

The  epithelial  cells  are  produced,  as  already  stated,  in  the  "  crypts  of 
regeneration,"'  which  have  been  described  in  various  insects  by  Leger 
and  Diiboscq.  In  the  flea  these  structures  appear  usually  as  solid,  bud- 
like cell-masses  that  often  jDroject  outwards  from  the  wall  of  the  stomach 
to  a  ccmsiderable  extent  (PI.  44,  figs.  314,  316)  beyond  the  level  of  the 
muscle-layers,  which  pass  on  either  side  of  them.  Internally  the  crypts 
do  not  rise  up  beyond  the  general  level  of  the  epithelium.  The  closely- 
packed  cells  of  the  crypts  show  distinct  limits,  and  do  not  form  a 
syncytial  mass  of  protoplasm,  as  described  by  Leger  and  Duboscq 
(1.  c,  p. 410)  in  the  larva  of  Anthrenus  verbasci,  for  example.  At 
the  fundus  of  the  crypt  mitoses  are  often  found,  sometimes  in  two  cells 
simultaneously  in  the  same  ciypt ;  in  other  cases  all  the  nuclei  are  in 
the  resting  state.  Doubtless  the  crypts  have  periods  of  active  multipli- 
cation, alternating  with  periods  of  repose,  as  in  other  insects.  The 
crypts  are  often  seen  to  be  marked  off  from  the  general  epithelium  by 
slender  dark  cells,  the  "cellules  de  recouvre  ment "  described  by 
Leger  and  Duboscq  (1.  c,  PI.  II,  fig.  2,  c.  r. ;  p.  388).  The  ciypts  appear 
to  have  the  monopoly  of  cell-production  in  the  stomach  of  the  flea.  We 
have  not  found  basal  cells,  "cellules  de  remplacement,"  in  the 
general  epithelium. 

By  multiplication  and  increase  in  their  numbers  the  cells  are  pushed 
outwards  on  all  sides  from  the  crypt  to  take  their  place  in  the  general 
epithelium  (PL  44,  fig.  316,  and  Text-fig.  2o).  The  yovmg  epithelial  cells 
seen  in  the  immediate  neighbourhood  of  the  crypts  are  columnar 
cells,  roughly  rectangular  in  form,  and  genei'ally  about  twice  as  high 
as  they  are  broad.  The  lateral  boundaries  of  the  cell  are  approxi- 
mately parallel,  and  each  cell  is  in  contact  with  its  adjacent  neighbours 
for  its  whole  length.  The  free,  apical  surface  of  the  cell  is  convex,  and 
on  this  side  is  developed  a  very  distinct,  thick  border,  at  first  covei'ing 
only  the  upper  sui-face  of  the  cell,  which  projects  like  a  dome  towards 
the  lumen  of  the  stomach. 

The  further  development  in  the  form  of  the  cell  consists  in  an 
extension  of  the  upper  free  surface,  bi'ought  about  by  the  cells 
becoming  free  and  separated  from  one  another  at  their  sides,  first  at 
their  apices  and  then  downwards  along  almo.st  the  whole  length  of 
the  side  of  the  cell,  till  finally  each  cell  is  connected  with  the  adjacent 
cells  only  by  a  narrow  isthmus  at  its  base  (Text-fig.  26).     As  the  cell 


THE    RAT-TRYPANOSOME,    TRTPANOSOMA    LEWISI.        495 

becomes  free  the  border  develops  also  on  the  exposed  surface,  so  that, 
instead  of  being  confined  to  the  apex  of  the  cell,  it  extends  down  the 
vertical  sides  also  (PI.  40,  fig.  136).  This  process  of  separation  between 
the  cells  has  an  obvious  significance  in  connection  with  the  process  of 
flattening  which  they  undergo  when  the  stomach  is  dilated  after 
feeding ;  it  can  be  regarded  as  an  adaptation  to  the  blood-sucking  habit. 
When  the  flea  gorges  itself  each  cell  is  so  stretched  that  its  tallest  part 
in  the  vertical  direction  is  scarcely  thicker  than  the  nucleus,  which 
bulges  out  the  middle  part  of  the  cell  in  an  even  curve  towards  the 
lumen  of  the  stomach,  while  towards  the  periphery  the  verticle  height 
of  the  cell  diminishes  to  the  isthmus  connecting  it  with  its  neighbours 
(Text-fig.  2  c).  As  the  cell  resumes  the  columnar  form  the  nucleus 
remains  at  or  near  the  base,  as  a  rule,  and  the  cytoplasm  of  the  cell  is 
heaped  up  over  it.  In  the  extreme  columnar  form  the  apex  of  the 
cell  is  generally  slightly  expanded,  the  middle  region  more  narrowed, 
so  that  spaces  are  left  between  adjacent  cells,  into  which  a  con- 
siderable quantity  of  blood-debris  penetrates  (PL  39,  fig.  126).  The 
nucleus  is  usually  situated  at  the  base  of  the  cell,  but  occasionally 
towards  the  apex  (PI.  40,  fig.  136).  The  border  clothes  the  whole  free 
surface  of  the  cell,  whether  flattened  or  columnar,  and  is  of  considerable 
thickness  over  the  apex  and  the  sides,  becoming  thinner  as  it  ajiproaches 
the  isthmus,  but  in  the  columnar  form  of  the  cell,  when  its  apical  region 
is  expanded,  the  border  may  be  thinner,  as  if  stretched,  at  the  apex  of 
the  cell  (PI.  40,  fig.  144). 

The  blood-d  e  b  r  i  s  has  a  great  tendency  to  adhere  closely  to  the  border, 
so  much  so  that  the  border  is  often  more  sharply  marked  off  from  the 
cell-contents  within  than  fromithe  blood-debris  without,  in  the  sections, 
but  places  can  be  found  occasionally  where  the  blood-debris  has  split 
away  from  the  epithelium,  leaving  the  border  distinct  and  sharp.  The 
border  appears  usually  homogeneous  and  refringent,  though  in  some 
j)i"eparations  indications  are  seen  of  a  vei-tical  striation,  as  if  it  were 
composed  of  little  dai-kly-stained  rods,  placed  at  right  angles  to  its  two 
limiting  surfaces,  and  separated  by  intervening  substance  of  lighter 
colom-  (PL  39,  fig.  129,  and  PL  40,  fig.  142).  After  sublimate-fixation 
the  border  is  colourless,  but  when  stained  with  iron-hsematoxylin  the 
blood-debris  adhering  to  it  often  hinders  the  extraction  of  the  stain 
and  at  these  spots  it  remains  black  ;  when  the  hsematoxylin  is  extracted 
it  tends  to  take  up  the  green  from  the  Lichtgriin-picric  mixture  (PL  40, 
fig.  147).  With  Giemsa  after  sublimate-fixation  it  stains  a  pinkish- 
yellow.  After  Flemming-fixation  the  border  is  yellowish,  as  if  tinged 
l)y  the  chromic  acid  in  the  mixture,  and  when  this  fixation  is  followed 
by  the  Giemsa-stain  the  border  is  coloured  green  (PL  38,  figs.  99-103), 
There  is  no  "  bordure  en  brosse,"  or  palisade  of  stiff  rod-like  cilia, 
external  to  the  border,  as  in  many  insects.  The  condition  in  the  flea 
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more  resembles  that  figured  by  Leger  and  Diiboscq  for  Seolopendra 
(1.  c.  pi.  vi). 

The  border  is  evidently  a  fairly  tough  structure  since  in  teased  up 
stomachs  examined  fresh,  the  borders  of  cells  are  often  seen  quite  empty, 
but  retaining  their  shape,  like  shells. 

The  nucleus  of  the  epithelial  cell  calls  for  no  special  comment :  as 
can  be  seen  in  our  figui-es,  it  is  rounded  or  oval,  with  the  typical 
structure  seen  in  tissue-cells,  namely,  a  distinct  membrane,  a  reticulum 
containing  chromatin-grains  of  various  sizes,  and  one  or  more  nucleoli 
which  stain  black,  like  the  chromatin,  after  iron-ha?matoxylin.  Mitoses 
of  the  usual  type  are  found  commonly  in  the  crypts  of  regeneration,  but 
we  have  never  seen  the  slightest  evidence  of  nuclear  division  in  cells 
forming  part  of  the  general  epithelium  outside  the  ciypts. 

The  cytoplasm  of  the  epithelial  cell  varies  at  different  ages.  In  the 
youngest  cells  l)ordering  the  crypts  the  cytoplasm  appears  more  or  less 
homogeneous  and  finely  granular  in  all  parts  of  the  cell ;  it  stains  light 
pui-plish-grey  or  grey-black  after  iron-hsematoxylin,  bluish-pui-ple  after 
Giemsa,  and  no  coarse  granulations  are  to  be  seen.  In  the  fully 
developed  cell  the  cytoplasm  has  undergone  local  differentiation  ;  round 
the  nucleus,  in  the  basal  half  of  the  cell,  it  has  a  denser  texture,  but 
above  the  nucleus,  in  the  apical  region,  it  has  become  of  looser  con- 
sistence, more  spongy,  so  to  speak,  in  appearance,  with  irregular  spaces 
(PI.  39,  figs.  126.  127,  PI.  40,  figs.  136, 144),  containing  fluid  in  the  living 
condition,  and  transversed  by  strands  of  pi'otoplasm  disposed  iiTegularly. 
The  more  the  apical  part  of  the  cells  is  expanded  the  more  wateiy  its 
contents  appear.  Sometimes  the  apical  region  appears  almost  empty 
in  the  sections,  with  only  a  few  traces  of  cytoplasm  close  under  the 
border  and  at  the  sides.  It  is  in  this  region  in  which  the  stages  of  the 
trypanosomes  are  most  often  found,  and  into  which  the  parasites  first 
penetrate. 

In  addition  to  these  changes  in  the  cytoplasm,  numerous  grains  and 
enclosures  of  various  kinds  make  their  appearance  in  it.  A  detailed 
study  of  these  granulations  would  require  a  lengthy  investigation,  an 
expenditure  of  time  and  trouble,  that  would  go  beyond  the  scope 
and  objects  of  this  work.  We  must  confine  ourselves  to  a  brief 
summary  of  the  appearances  seen  in  our  sections,  without  attempting 
to  give  physiological  explanations  of  the  various  conditions  seen.  It  is 
obvious  that  the  bare  obsei-vation  that  a  granule  is  stained  black  by 
iron-hsematoxylin  or  red  by  Giemsa's  stain  does  not  permit  veiy  far- 
reaching  conclusions  as  to  its  natui-e  or  function  in  the  cell ;  bodies  of 
most  diverse  properties  might  agree  to  this  extent  in  their  reactions. 

The  first  gx-anulations  to  appear  are  minute  grains  which,  whatever 
the  fixation,  Flemming  or  sublimate,  stain  black  after  iron-hsematoxylin 
and  red  after  Giemsa.     They  are  seen  at  first  chiefly  at  the  sides  of  the 


THE    EAT-TEYPAXOSOME,    TEYPAXOSOMA    LEWISI.        497 

nucleus,  between  it  and  the  cell- wall  and  extend  up  tlie  sides  of  the  cell 
close  under  the  border.  Scanty  at  first  in  the  apical  spongy  part  of  the 
cell,  they  are  soon  deposited  in  this  region  also,  appealing  often  in  con- 
siderable numbers  and  varyingin  size  from  small  granules  to  conspicuous 
grains,  and  even  large  masses  (PI.  40,  figs.  136,  137.)  The  larger  grains 
are  seldom  homogeneous,  but  appear  as  rings,  black  or  red,  as  the  case 
may  be,  with  clear  centre,  apparently  Jiollow  (PI.  38,  fig.  99).  Those 
of  still  larger  size  show,  especially  after  Giemsa,  darker  and  Lighter 
pails  disposed  in  various  ways;  inside  the  peripheral  deeply-stained 
shell  there  may  be  darker  grains  or  patches.  After  ii-on-haematoxylin. 
however,  the  whole  mass  may  be  opaque  black,  but  usually  shows  lighter 
inner  portions.  The  extent  to  which  these  gi-anulations  are  developed 
varies  in  different  stomachs,  doubtless  in  relation  to  their  secretive  or 
absorptive  activity  at  the  moment  of  preservation.  When  a  number  of 
stomachs  are  cut  in  the  same  block,  one  stomach  all  through  the  series 
may  show  the  cells  clear  and  veiy  free  from  granulations,  while  another 
stomach  shows  nearly  every  epithelial  cell  loaded  with  coarse  gi-ains  in 
its  apical  region. 

The  red  gi-ains,  as  they  may  be  termed  from  their  distinctive  reaction 
to  Giemsa's  stain,  appear  to  be  always  present  in  greater  or  less  quantity 
in  the  fully-developed  cells  of  eveiy  stomach.  In  addition  there  are 
often  found,  lodged  in  the  apical  spongy  region  of  the  cell,  masses  of 
relatively  large  size  which  do  not  retain  the  iron-hsematoxylin  stain 
fii-mly  throughout  their  substance,  and  consequently  appear  for  the 
most  part  light  grey  in  colour  after  this  stain  (Pi.  40,  figs.  145,  146) ; 
after  Giemsa  they  are  either  scarcely  stained  at  all,  appearing  a  sort  of 
neutral  tint,  or  they  are  coloured  bluish-pui-ple  in  various  shades,  some- 
times very  deeply,  with  streaks  and  blotches  more  reddish  in  tint 
(PI.  38,  fig.  102).  These  masses  vary  considerably  in  size  and  contour, 
and  show  differentiation  of  their  substance  into  lighter  and  darker  parts. 
With  supei-ficial  examination  they  often  simulate  the  intracellular 
stages  of  the  trypanosomes  to  a  remarkable  degi'ee,  especially  in  the 
living  condition,  when  they  ai'e  often  very  conspicuous  ;  for  a  long  time 
we  confused  them  with  the  spheres  in  the  freshly  teased-up  stomachs, 
and  spent  much  time  watching  them  in  the  expectation,  never  of  course 
fulfilled,  of  seeing  them  perform  the  characteristic  movements.  Aiter 
we  had  made  smears  of  stomachs  in  which  these  bodies  were  abimdant. 
without  finding  any  intracellular  stages  of  the  trypanosomes  in  such 
preparations,  we  came  to  the  conclusion  that  these  motionless  spheres 
(as  they  appeared  to  be)  were  merely  cell-products,  and  referred  to  them 
in  our  notes  as  "  pseudospheres."  Even  in  sections  the  pseudospheres 
often  mimic  the  true  spheres  and  might  be  confused  with  them  at  first 
sight,  but  only  by  an  inexperienced  observer  who  had  never  seen  the 
actual  intracellular  stages  of  the  trypanosome  in  the  epithelium.     The 
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idea  occurred  to  us  at  one  time  tliat  some  of  tlie  pseiidosplieres  might 
possiljly  be  degenerated  stages  of  the  trjpanosomes,  destroyed,  and  in 
process  of  absorption,  within  tlie  epithelial  cells  into  which  they  had 
peneti"ated ;  but  we  have  found  no  decisive  evidence  for  this.  It  is 
most  probable  that  the  i)seudospheres  represent  secretion-masses 
formed  by  the  cell  itself. 

In  some  of  the  stomachs,  especially  in  those  preserved  aboiit  twenty- 
four  hours  after  feeding,  there  are  to  be  seen  dense  and  very  conspicuous 
accumulations  of  coarse  grains  in  the  epithelial  cells  immediately  below 
the  border  (PL  38.  fig.  98,  PI.  40,  fig.  147).  The  grains  in  question  are 
especially  distinct  after  fixation  with  Maier's  fluid ;  they  are  more 
difiicult  to  make  out  in  the  stomachs  fixed  with  Flemming.  The  grains 
resemble  very  closely  those  of  the  blood-debris  adherent  to  the  border 
external  to  the  cell,  so  much  so  that  the  first  impression  gained  is  that 
the  debris  has  been  absorbed  into  the  cell  through  the  border.  It  is 
easy  to  imagine  this  after  iron-haamatoxylin,  which  stains  both  these 
granules  and  the  debris  very  black  after  sublimate-fixation  (fig.  147); 
but  the  Giemsa-stain  colours  the  grains  within  the  cell  differently  from 
the  debris  (fig.  98),  and  when  the  digestion  of  the  blood  has  gone 
beyond  a  certain  point  the  grains  inside  the  cell  may  be  stained  much 
darker  with  iron-haematoxylin  than  the  grains  in  the  blood-debris.  It 
is  improbable  that  the  coarse  grains  of  the  debris  would  pass  bodily 
through  the  border,  which  is  to  all  appearances  a  dense,  tough 
structure  ;  but  it  is  probable  that  these  grains  ai-e  formed  in  the  cell  in 
direct  relationship  with  the  i^rocess  of  absorption  of  nutriment  from 
the  blood. 

Amongst  the  enclosures  of  the  epithelial  cell  must  be  mentioned 
finally  peculiar  yellow  grains  which  occur  with  great  frequency  in  some 
stomachs,  not  at  all  in  others.  Their  presence  or  absence  is  in  no  way 
connected  with  that  of  the  trypanosomes,  and  they  occur  both  in 
normal  as  well  as  in  degenerating  cells,  though  perhaps  more 
abimdantly  in  the  latter.  In  the  Flemming-iron-hsematoxylin  sections 
these  grains  have  a  brownish-yellow  tint,  often  with  a  darker  shell 
(PI.  40.  fig.  141).  They  vary  in  size  from  small  granules  up  to  the  large 
grains  reaching  as  miich  as  13  /«  in  diameter  (fig.  142).  Their  tint  also 
varies  in  depth,  being  usually  much  lighter  in  the  larger  grains.  AVith 
Giemsa,  after  Flemming.  they  are  stained  bright  green  (PI.  38.  fig.  103), 
probably  as  the  result  of  a  blue  stain  (azure)  imposed  upon  their  original 
yellow  tint.^  '  These  yellow  bodies  are  veiy  similar  to,  probaby  identical 

1  A  similar  result  is  seen  in  the  chitinous  spines  of  the  i^roventriculus 
in  sections  stained  with  Giemsa;  the  cuticle  at  the  base  of  the  spine  is 
stained  red,  but  that  of  the  spine  itself,  from  near  the  base  to  the  tip,  is 
coloured  emerald  green.     The  unstained  spine  is  yellow  in  tint.     Com- 
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in  nature  with,  the  enclosures  characteristic  of  the  pericardial  cells.  As 
one  of  us  has  descri])ed  elsewhere  (E.A.il.,  1910),  the  pericardial  ceUs  of 
the  flea  may  be  so  crammed  with  yellowish -brown  grains  and  spheres  that 
the  ceU  becomes  risible  with  the  naked  eye  as  an  opaque  black  spot 
through  the  integument  of  the  living  flea.  In  some  of  oiu*  stomach- 
sections  there  are  also  casual  sections  of  pericardial  cells  which  have 
been  pulled  out  of  the  flea  together  with  the  stomach,  so  that  we  have 
had  the  opportunity  of  making  a  direct  comparison  between  the  yellow 
grains  in  the  epithelial  and  pericardial  cells.  The  yellow  grains  are 
probably  an  excretory  product,  eliminated  by  the  flea  under  certain 
physiological  but  appai-ently  normal  conditions,  and  elaborated  either 
in  the  epithelial  cells,  to  be  cast  out  into  the  lumen  of  the  stomach,  or 
in  the  body-cavity,  to  be  taken  up  by  the  pericardial  cells. 

We  come  now  to  the  process  of  cell- degeneration  which  occurs  in  the 
effete,  senile  epithelial  cells.  This  process  is  very  different  in  the  flea's 
stomach  from  that  described  by  Leger  and  Duboscq  in  various  insects, 
none  of  them  of  blood-sucking  habit.  It  is  described  by  these  authors 
as  a  "  Degenerescence  muco'ide,"  an  infiltration  of  the  cells  with 
mucoid  substance.  In  the  flea's  stomach  the  i^rocess  appears  to  be  more 
of  the  nature  of  a  fatty  degeneration,  combined  perhaps  with  a  mucoid 
infiltration. 

In  om*  sections  fixed  with  Flemming's  fluid  and  stained  with  iron- 
ha?matoxylin  the  intensely  1;lack,  often  perfectly  opaque,  degenerated 
cells,  which  are  seen  frequently  detached  completely  or  in  process  of 
detachment  from  the  epithelium,  are  very  distinct  from  the  clear, 
lightly-stained  cells  originating  from  the  crypts  of  regeneration  and 
taking  the  place  of  the  degenerated  cells  (PL  44,  fig.  316).  In  some 
of  our  sections  the  stain  has  been  over-extracted:  the  trypanosomes 
have  Ijecome  ghosts,  faintly  visible  only  to  the  practised  eye,  the  nuclei 
of  the  epithelial  cells  are  pale,  and  even  the  blood-debris  has  had  its 
usually  inten.se  black  stain  reduced  to  a  shade  of  brown ;  but  the  black 
grains  and  masses  in  the  epithelial  cells  remain  as  black  as  ever,  showing 
that  they  do  not  owe  their  colom-  to  the  stain  but  to  the  fixation,  that 
is  to  say,  to  the  osmic  acid  in  the  Flemmings  fluid.  Such  preparations, 
spoilt  for  other  pui-poses,  are  very  useful  for  showing  the  gi-adual 
process  of  deposition  of  the  blackened  grains.  First  they  appear  as  fine 
granules  round  the  nucleus,  near  the  base  of  the  cell  (PL  4U.  figs.  143, 
144).  Next,  other,  and  for  the  most  part  larger  masses,  are  deposited  in 
the  cytoplasm  above  the  nucleus.  The  cell  then  becomes  gradually 
filled  up  with  black  grains  from  below  towards  the  apex ;  often  an 

pare  also  the  gi-een  stain  of  the  border,  mentioned  above,  after  Flemming 
and  Giemsa,  evidently  due  also  to  the  super-position  of  a  blue  dye  upon 
a  yellow  ground. 
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empty  space  is  seen  at  the  apex,  immediately  below  tbe  border  (PI.  40, 
fig.  138).  but  finally  this,  too,  is  filled  up  and  the  whole  cell  becomes  an 
opaqiie  black  mass  (fig.  1.39). 

Very  instructive  is  one  of  our  sei-ies  preserved  in  Flemming,  in  which 
there  is  one  stomach  in  which  nearly  all  the  epithelium  is  degenerate. 
The  sections  of  this  stomach  are  spread  over  seven  slides,  six  of  which 
were  stained  with  iron-hsematoxylin,  while  the  seventh,  on  which  are 
sections  through  the  hindmost  region  of  the  stomach,  was  stained  with 
Giemsa.  On  this  slide  the  degeneration  is  not  so  far  advanced  as  in 
the  more  anterior  region  of  the  stomach,  and  in  different  parts  even  of 
the  same  section  the  following  ccmditions  are  to  be  foinid :  (1)  Cells  of 
normal  type,  with  clear  cytoplasm  containing  a  few  red  granules 
(PI.  38,  fig.  99)  ;  (2)  cells  with  cytoplasm  of  a  darker  bluish-purple  tint, 
with  many  more  red  gi'anules  and  amongst  them  a  few  coarser  grains 
intensely  black  in  colour  (PI.  38,  fig.  100)  ;  (3)  cells  in  which  both  the 
red  and  the  black  grains,  but  especially  the  latter,  are  greatly  increased 
in  number,  leading  up  to  (4)  opaque  black  cells  in  which  nothing  can 
be  focussed  clearly.  The  black  grains,  it  is  obvious,  can  only  owe  their 
colour  to  the  action  of  the  osmic  acid  in  the  fixation,  and  must  there- 
fore be  of  a  fatty  nature.  On  the  other  hand  there  is  also  a  marked 
increase  of  the  red  grains  in  the  degenerating  cells,  indicating,  perhaps, 
that  in  addition  to  deposition  of  fat.  there  is  also  a  tendency  to  mucoid 
infiltration,  as  described  by  Leger  and  Duboscq.  The  darker  tint  of 
the  cytoplasm,  in  so  far  as  this  is  not  an  optical  eifect  due  to  crowding 
of  the  grains,  indicates  that  it  becomes  impregnated  with  the  siibstances 
produced  in  the  process  of  degeneration. 

The  deposition  of  the  fat  roimd  the  nucleus  in  the  first  instance  indi- 
cates that  the  nucleiis  takes  an  active  share  in  the  process,  and  this  is 
borne  oiit  by  the  fact  that  the  nuclei  themselves  become  very  dark  in 
the  degenerating  cells  and  are  sometimes  quite  opaque.^ 

In  sections  of  stomachs  fixed  with  sublimate  mixtures  the  blackening 
of  the  degenerating  cells  seen  in  the  Flemming-fixed  sections  is  con- 
spicuously absent,  so  that  at  the  first  glance  it  is  difiicult  to  pick  out 
the  senile  portions  of  the  epithelium.  More  careful  study  of  the  subli- 
mate sections  shows  that  here  the  degenerated  epithelium  is  dis- 
tinguished from  the  regenerated  by  its  pale,  empty  appearance,  owing 
to  the  fat -grains  having  entirely  disappeared,  leaving  empty  spaces  to 
mark  their  fonner  position.  This  is  best  seen  in  stomachs  fixed  in 
sublimate-acetic,  since,  after  sublimate-alcohol  mixtures  (Maier's  and 
Schaudiun's)  the  cells  are  often  much  deformed  and  shi-unk.  In  a 
favoiu-able  spot  it  is  seen  that  the  young  cells,  freshly  produced  from 

1  Leger  and  Duboscq  have  noted  also  that  the  mucoid  substance  is 
deposited  first  in  the  nucleus. 


THE    EAT-TRYPAXOSOIIE,    TRYPAXOSOMA    LEWISI.        501 

the  ciypts,  have  denser  cytoplasm  filling  the  cell  throughout,  except  in 
the  apical  expanded  portion  of  the  cell;  the  cytoplasm  stains  deep 
grey  or  neutral  tint  after  iron-hsematoxylin  and  shows  relatively  few  en- 
closures. The  senile  cells,  on  the  contrary,  are  full  of  cavities,  so  that  the 
cytoplasm  has  a  spongy  appearance  thi-oughout  the  cell  and  not  merely 
in  its  apical  region ;  and  scattered  through  the  spongy  cytoplasm  are 
grains,  fine  or  but  moderately  coarse,  which  are  stained  black  after  iron- 
haimatoxylin,  red  after  Giemsa. 

The  difference  between  the  senile  cells  after  the  two  methods  of 
fixation  is  easily  explained  if  the  grains  deposited  in  them  ai'e  principally 
fat.  In  all  the  sections  alike  the  fat  has  been  dissolved  away  during  the 
process  of  imbedding  in  parafl&n.  In  the  Flemming-fixed  sections,  how- 
ever, each  fat-gi-ain  has  reduced  the  Os  O^^  to  metallic  osmium,  and 
consequently  is  represented  in  the  sections  by  a  black  mass,  a  model  of 
the  fat-globule  in  metallic  osmium.  In  the  sublimate-fixed  sections  no 
such  reduction  takes  place,  and  the  fat-globule  is  represented  by  an 
empty  space ;  only  the  mucoid  grains  (if  we  are  right  in  calling  them 
so)  remain  in  the  cytoplasm,  stained  red  or  black  according  to  the 
stain  used. 

It  should  be  mentioned  finally  that  after  sublimate-fixations  the 
blood-debris  is  stained  very  much  blacker  by  iron-hsematoxylin,  and 
holds  the  stain  much  more  tenaciously  than  after  Flemming-fixation. 
This  is  especially  ti-ue  of  that  part  of  the  debris  which  penetrates  down 
between  adjacent  epithelial  cells,  and  which  often  remains  jet-black 
after  all  the  rest  of  the  d  e  b  r  i  s  has  become  pale  in  tint.  In  consequence 
the  cells  of  the  columnar  epithelium  in  sublimate-fixed  sections  are 
often  seen  to  be  separated  by  black  masses,  which  careless  obsei-vation 
might  confuse  with  the  black  stain  of  the  degenerated  cells  after 
Flemming-fixation,  especially  when,  as  often  happens  in  such  sections, 
the  main  mass  of  the  debris  has  shrunk  away  from  the  epithelium  into 
the  centre  of  the  stomach-lumen.  Such  a  mistake  could  only  be  made, 
however,  with  powers  too  low  to  discern  that  the  black  masses  are 
between  the  cells  and  not  in  them. 

The  degenerated  ceUs  are  thrown  off  bodily  into  the  lumen  of  the 
stomach,  which  often  contains  gi-eat  numbers  of  them  in  the  blood- 
debris.  There  they  are  doubtless  digested  and  absorbed  along  with  the 
other  contents  of  the  stomach.  Leger  and  Duboscq  described  a  process 
of  mucoid  degeneration  in  which  the  entire  cell,  having  a  remarkable 
and  deceptive  resemblance  to  a  gi-egarine,  is  engulphed  by  a  basal  cell ; 
ultimately  the  latter  also  degenerates,  and  is  thrown  oft"  with  the  cell 
it  has  taken  in  (1.  c,  p.  451).  We  have  seen  nothing  of  this  sort  in  the 
flea,  in  which  basal  cells  do  not  occtu-  in  the  epithelium  of  the  stomach. 
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(3)  Technique. 

We  have  already  described  above  our  methods  of  dissecting 
the  flea  and  extracting  from  it  the  organs  which  it  is  required 
to  examine  for  the  presence  of  stages  of  T.  lewisi.  Here 
we  propose  to  describe  the  methods  by  which  the  trypano- 
somes,  when  found,  were  preserved  as  permanent  preparations 
for  microscopic  study. 

The  organs  ot"  the  flea,  extracted  in  the  manner  described 
above,  are  at  once  examined  carefully  under  the  microscope 
for  the  presence  of  trypanosomes  in  their  various  phases  of 
development.  When  trypanosomes  were  found  in  any  of  the 
internal  organs,  after  note  had  been  taken,  or  sketches  made, 
of  their  forms,  position,  and  other  points  of  interest,  we  pro- 
ceeded to  make  permanent  preparations  of  them.  For  this 
purpose  the  coverslip  is  carefully  raised  up,  by  means  of  the 
pair  of  fine  needles  that  were  used  in  the  dissection  of  the  flea, 
lifted  off,  and  dropped  at  once  with  wet  surface  downwards 
into  a  suitable  fixative.  The  slide  is  then  handed  to  the 
collaborator  or  to  an  assistant,  who  places  it  bodily  into  a  tube 
containing  a  small  quantity  of  four  per  cent,  solution  of  osmic 
acid.  In  the  tube  the  slide  remains  about  ten  to  fifteen 
seconds,  tightly  corked  up,  in  order  to  fix  the  trypanosomes 
■with  the  vapour  of  osmic  acid.  Subsequently  the  slide  is 
fixed  with  absolute  alcohol  for  about  fifteen  minutes  and 
stained  wnth  Giemsa's  stain  in  the  usual  manner. 

For  the  fixation  of  the  coverslip-films  we  used,  in  the  earlier 
periods  of  our  investigation,  either  Schaudinn's  fluid  (corro- 
sive sublimate,  saturated  solution  in  distilled  water,  100  c.c; 
absolute  alcohol,  50  c.c;  glacial  acetic,  a  few  drops)  or 
sublimate-acetic  (HgClg  saturated  in  HoO,  95  volumes;  glacial 
acetic,  5  volumes).  Both  these  fixatives  gave  results  about 
equally  good;  it  is  difficult  to  choose  between  them.  Latterly, 
however,  we  used  only  Maier's  modification  of  Schaudinn^s 
fluid  (distilled  water,  200  c.c;  absolute  alcohol,  100  c.c; 
sodium  chloride,  1*2  grm.;  HgCL,  10  grm.),  since  this 
appeared  to  us  to  give  better  preservation,  and,  in  particular, 
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less  shrinkage  of  the  bodies  of  the  trypauosomes,  than  the 
others.  Tlie  fluid  being  put  into  a  large  watcli-glass,  the 
coverslip  is  dropped  into  it  with  the  film  downwards.  The 
coverslip  usually  sinks  in  the  fluid  and  tlien  rests  on  its 
corners  on  tlie  rounded  bottom  of  the  watch-glass^  so  that 
the  film  itself  escapes  any  friction  or  injur3\  The  coverslips 
are  left  in  tlie  fixative  from  ten  minutes  to  half-an-hour  or 
longer  (the  exact  time  appears  to  be  immaterial),  and  are 
then  passed  through  50  and  70  into  90  per  cent,  alcohol, 
where  they  can  be  kept  until  it  is  convenient  to  stain  tliem. 

The  coverslip  films  were  stained  almost  invariably  with. 
Heidenhain's  iron-haematoxylin,  using  3^  per  cent,  ii'on-alum 
solution  and  h  per  cent,  hgematoxyliu-solution,  both  in  dis- 
tilled water.  The  film,  after  having  been  brought  down 
through  graded  strengths  of  alcohol  (80,  70,  ...  10 
per  cent.)  to  water  was  left  about  twenty-four  hours  in  the 
iron-alum,  then  as  long  in  the  hematoxylin.  Immediately 
before  using  the  ligematoxylin- solution  a  few  drops  of  a 
saturated  watery  solution  of  lithium  carbonate  was  added 
to  it,  drop  by  drop,  until  the  solution,  when  shaken  up, 
was  a  bright  claret-red  colour.  After  the  film  had  been 
twent3^-four  hours  in  the  hasmatoxylin-solation  the  differ- 
entiation of  the  stain  was  carried  out  under  control  by  the 
microscope  in  a  weak  (light  brown)  watery  solution  of  iron- 
alum.  When  differentiation  was  complete  the  film  was  washed 
in  a  current  of  tap-water  for  at  least  twenty  minutes,  then 
rinsed  in  distilled  water  and  brought  up  through  graded 
strengths  of  alcohol  to  absolute  alcohol.  At  this  stage  the 
coverslip  was  usually  dipped  for  a  moment  iuto  Lichtgriin- 
picric  solution  (Lichtgriiu,  1  grm.  ;  picric  acid,  i  gini. ; 
absolute  alcohol,  100  c.c),  then  washed  again  in  absolute 
alcohol,  passed  through  xylol,  and  mounted  in  pure  xylol- 
balsam  on  a  slide.  The  Lichtgriin  stain  must  be  used  very 
rapidly,  as  it  stains  intensely. 

In  this  way  two  preparations  were  obtained  of  the  contents 
of  each  organ — one  on  the  coverslip,  the  other  on  the  slide — 
and    as    a     rule    trypanosomes    were    found    more    or    less 
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abundantly  on  both  of  them,  so  that  it  was  possible  to 
compare  corresponding  phases  of  the  development  prepared 
by  distinct  methods  of  technique.  It  is  very  important, 
however,  that  the  operation  of  removing  the  coverslip  and 
fixing  the  films  should  be  performed  very  rapidly  and 
expeditiously,  in  order  to  avoid  any  drying  taking  place. 
The  coverslip  is  particularly  liable  to  dry,  since  the  film  of 
liquid  that  adheres  to  it  is  very  thin ;  the  slide,  on  the 
contrary,  does  not  dry  so  quickly,  A  coverslip  that  has 
dried  before  fixation  is  quite  useless  for  staining  by  the  iron- 
hasmatosy  lin  method ;  th  e  ti-ypanosomes  acquire  a  characteristic 
shiny  appearance,  as  if  they  had  been  glazed,  and  when  the 
stain  is  extracted  in  order  to  differentiate  the  preparation,  it 
does  not  come  out  of  the  cytoplasm  evenly,  but  gives  a 
blotchy  appearance,  with  no  sharp  difi:erentiation  of  the 
nucleus  or  flagellum.  It  sometimes  happens  that  a  coverslip- 
film  may  be  otherwise  satisfactory,  but  may  have  dried 
slightly  at  or  near  the  edges,  thus  affording  opportunities  for 
comparing  the  effects  of  desiccation  on  the  trypanosomes 
with  the  condition  of  others  that  have  never  been  dried.  It 
is  then  seen  that,  in  addition  to  the  defective  staining 
already  described,  the  trypanosomes  are  flattened  and 
distorted  in  various  ways. 

The  fragments  of  tissue  in  the  dissection  adhere,  for  the 
most  part,  to  the  coverslip  ;  it  is  not  possible,  however,  to 
make  out  anything  of  trypanosomes  which  remain  wnthin  the 
organs  in  film-preparations,  and  it  is  therefore  necessary  to 
tease  up  the  organs  well,  after  dissecting  them  out,  in  ord(?r 
to  set  free  the  trypanosomes.  In  the  case  of  those  phases 
which  are  attached  to  the  gut-wall  many  remain  so  attached 
even  when  the  wall  is  teased  up,  but  a  certain  number  are 
usually  set  free.  When  such  forms  are  seen  in  the  fresh  film 
they  should  be  dislodged,  as  far  as  possible,  by  tapping 
gently  on  the  coverslip  with  a  needle. 

In  some  cases  a  coverslip-film  which  had  been  stained  with 
iron-hfematoxylin  was  unmounted  by  dissolving  the  Canada 
balsam   in   xylol,    after    the    trypanosomes  on    it  had    been 
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studied  and  drawn,  and  the  hgematoxylin-stain  completely 
extracted  by  placing  it  for  twenty-four  hours  in  a  3^  per 
cent,  solution  of  iron-alum.  The  coverslip  was  then  washed 
for  an  hour  in  a  current  of  tap-water,  and  could  then  be  re- 
stained  by  some  other  method — for  example,  Twort's  stain. 
Trypanosomes  that  had  been  already  drawn  after  the 
hsematoxylin-staining  could  then  be  di'awn  again  after  being- 
stained  iu  a  different  manner.  This  double  staining  did  not 
seem  to  injure  the  trypanosomes  in  any  way,  but  it  is  note- 
worthy that  after  re-staining  with  Twort's  stain  they  always 
came  out  a  little  smaller,  when  re-drawn  with  the  camera  lucida, 
than  they  had  done  previously  after  the  hasmatoxylin-stain 
(compare  figs.  260-63,  PL  42,  with  figs.  260a-263a,  PI.  38). 

When,  as  sometimes  happened,  the  trypanosomes  were  so 
scanty  on  the  coverslip  as  to  require  prolonged  searching  to 
find  them,  it  was  often  very  difficult  to  judge  the  right 
amount  of  extraction  of  the  hsematoxylin  in  the  process  of 
differentiation  by  means  of  iron-alum.  Morever,  a  degree 
of  differentiation  which  is  sufficient  for  trypanosomes  in 
the  thinner  parts  of  the  film  is  insufficient  for  the  thicker 
parts.  Hence  it  was  often  necessary  to  unmount  the  pre- 
parations and  differentiate  them  further,  perhaps  two  or 
three  times,  before  the  right  degree  was  attained.  It  is 
difficult  to  judge  of  the  required  differentiation  by  the 
fragments  of  tissue  in  the  films,  since  the  minute  bodies  of 
the  flagellates  give  up  the  stain  much  more  quickly  than  the 
relatively  thick  tissue-cells,  and  in  a  preparation  in  which  the 
latter  are  satisfactorily  differentiated  the  trypanosomes 
become  mere  ghosts,  requiring  to  be  re-stained  altogether. 
The  counter-stain  with  the  Lichtgriin-picric  mixture  was 
found  to  show  up  the  cytoplasm  and  flagellum  of  the 
trypanosomes  more  clearly. 

However  carefully  the  preparations  have  been  made,  it  is 
often  difficult  to  make  out  clearly  and  with  certainty  the 
structural  details  of  some  of  the  minuter  phases  of  the  life- 
cycle,  and  for  this  purpose  the  best  optical  apparatus  was 
required,  both  as  regards  the  objectives  and  the  illumination 
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used.  All  trypauosomes  in  the  permanent  preparations  were 
drawn  by  Miss  Rhodes,  under  our  supervision,  with  the 
camera  lucida  at  a  constant  scale  of  magnification  which  was 
as  nearly  as  possible  3000  diameters  in  the  case  of  the  film- 
preparations,  2000  diameters  in  the  case  of  sections. 

Our  study  of  the  development  of  T.  lewisi  in  the  flea 
was  based  principally  upon  the  examination  of  films,  made  as 
described  above,  but  it  was  found  necessary  also  to  cut 
sections  both  of  the  stomach  and  rectum  of  the  flea.  The 
following  is  an  account  of  the  technique  employed  by  us  in 
preparing  sections  of  the  stomach  ;  the  same  applies  to 
sections  of  the  rectum,  the  only  difference  being  that  the 
stomachs  were  cut  transversely,  the  recta  longitudinally. 

The  stomachs  of  which  sections  were  cut  were  taken  from 
fleas  fed  eighteen,  twenty-four,  or  thirty-six  hours  previously 
on  an  infected  rat ;  the  fleas  themselves  had  been  collected 
from  the  non-infected  breeding-cage  and  kept  hungry  for 
about  three  days  before  being  put  on  the  infected  rat.  The 
stomach  in  each  case  was  carefully  dissected  out  from  tlie 
flea,  if  possible  without  puncturing  or  injuring  the  stomachy 
in  a  drop  of  salt-solution  on  a  s^lide,  and  then  plunged  into 
the  fixative  b}'  inverting  the  slide  in  such  a  Avay  that  the 
stomach  alone,  all  other  parts  of  the  flea  having  been 
removed,  was  in  a  hanging  drop.  If  the  stomach  was 
ruptured  or  punctured  in  the  process  of  extraction  it  was 
not,  as  a  rule,  .preserved,  except  perhaps  as  a  smear  after 
teasing  it  up. 

A  number  of  different  fixatives  were  tried,  but  the  best 
results  were  obtained  with  Flemming's  fluid ^  and  Maier's 
modification  of  Schaudinn's  fluid,  and  especially  with  the 
former.  After  Flemming  the  histology  of  the  stomach  is 
extremel}'  good  in  nil  details;  the  blood  fills  the  whole  section 

'  The  strong  solution,  made  up  as  follows  :  a  gi-amme  tube  of  osmic 
acid  is  broken  into  a  clean  bottle,  and  to  it  is  added  distilled  -water, 
.50  e.c. ;  1  per  cent,  solution  of  chromic  acid  in  water,  about  187"5  c.c. ; 
and  glacial  acetic  about  12'5  c.c. ;  the  whole  allowed  to  mix  and 
dissolve. 
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and  is  not  shrunk  away  from  the  wall,  and  the  trypanosomes, 
both  free  and  intracelkilar,  are  well-preserved  both  in 
structui'e  and  form,  and  they  stain  well  either  with  irou- 
liEematoxylin  or  Giemsa,  especially  the  former.  After  ]\Iaier's 
fluid  the  histology  of  the  stomach-tissue  is  not  so  good ;  the 
cells  are  shrunk  and  the  minute  structure  of  the  nuclei  is 
deformed.  It  is  evident  from  a  careful  study  of  the  prepara- 
tions that  the  defects  of  Maier's  fluid  are  due  to  unequal  or 
differential  penetration  of  its  constituents ;  the  alcohol  evi- 
dently diffuses  into  the  tissues  first  and  produces  the  shrinkage 
and  deformation  of  the  nuclei ;  the  sublimate  does  not  get  to 
the  various  tissue-elements  until  they  have  already  been  fixed 
in  a  defective  manner  by  the  alcohol.  The  blood-de  bris  is 
also  much  shrunk  after  the  Maier ;  while  the  greater  part, 
sometimes  the  whole  of  it,  contracts  to  form  a  central  mass  in 
the  section,  a  certain  amount  remains  usually  adherent  to  the 
epithelium  at  the  pei-iphery,  leaving  an  irregular  empty  ring- 
shaped  space  between  the  central  and  peripheral  zones  of  the 
blood-debris.  But  to  compensate  for  these  disadvantages, 
the  trypanosomes  are  extremeh^  well-preserved  and  stain 
admirably  with  Giemsa's  stain;  some  of  our  stomach-sections 
prepared  in  this  way  ai*e  as  clear  and  demonstrative,  so  far  as 
the  trypanosomes  are  concerned,  as  any  smear  or  film- 
preparation  ;  in  fact  more  so  in  the  case  of  the  large 
'■  spheres,"  which  do  not  suffer  so  much  from  the  tendency 
to  opacity  which  is  so  disagreeable  a  feature  in  the  smears. 
One  is  here  confronted  with  the  extraordinary  difference, 
familiar  to  everyone  who  has  worked  at  trypanosomes, 
between  the  reaction  of  these  parasites,  and  that  of  tissue- 
cells,  to  the  ordinary  fixatives  and  stains  used  in  cytological 
technique. 

Whatever  the  fixative  used,  it  was  allowed  to  act  for  about 
an  hour.  The  stomachs  preserved  in  Flemming  were  Avell 
Avashed  in  tap-water  and  then  brought  up  through  a  series  of 
alcohols  of  gradually  increasing  strength ;  those  preserved  in 
Maier  were  transferred  from  it  direct  to  50  per  cent,  alcohol. 
In  either  case  the   objects  were  brought  up  to   90  per  cent. 
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alcohol  and  there  fixed  on  liver  preparatory  to  being 
imbedded  for  section-cutting.  Amyloid  human  liver  was 
used.  A  moderately  thin  slice  of  a  block  of  liver  preserved 
in  alcohol  was  cut  by  hand  with  a  razor  wetted  with  alcohol, 
and  floated  into  a  shallow  glass  vessel  with  a  flat  bottom^ 
placed  on  the  stage  of  the  dissecting-microscope,  and  contain- 
ing 90  per  cent,  alcohol  to  the  depth  of  about  a  centimeter. 
The  stomachs,  taken  up  in  a  pipette  of  suitably  coarse  calibre, 
were  placed  on  the  slice  of  liver  and  carefully  arranged  side- 
by-side,  their  axes  parallel  to  one  another  and  similarly 
orientated,  with  their  proventriculi  all  at  the  same  level 
and  all  pointing  in  one  direction,  their  pylori  in  the  oppo- 
site direction.  Then  a  tiny  drop  of  glycerine  and  albumin 
solution,  such  as  is  used  commonly  for  sticking  sections 
on  slides,  was  taken  up  on  the  point  of  a  needle  and 
caused  to  touch  the  surface  of  the  alcohol  immediately  above 
the  stomachs.  The  dense  albumin-solution  falls  at  once 
through  the  alcohol  and  spreads  out  over  the  stomachs  on  the 
liver;  at  the  same  time  the  glycerine  is  extracted  and  the 
albumin  coagulated  by  the  alcohol,  with  the  result  that 
the  stomachs  are  stuck  to  the  slice  of  liver.  From  six  to 
nine  stomachs  w^ere  thus  attached  side-by-side  on  a  slice 
of  liver.  As  the  stomachs,  before  being  stuck  on,  are  very 
liable  to  roll  about  or  become  shifted  in  position  with  the 
slightest  disturbance  or  touch  of  the  microscope,  it  was  found 
best  in  practice  to  put  them  on  not  more  than  three  at  a 
time;  that  is  to  say,  three  stomachs  having  been  arranged 
and  fixed  upon  the  liver,  three  more  are  then  put  on  beside 
them.  When  the  required  number  of  stomachs  have  been 
stuck  on,  the  slice  of  liver  is  trimmed  with  a  scalpel  into  a 
rectangular  form,  in  such  a  way  that  the  longitudinal  axes  of 
the  stomachs  are  parallel  to  the  shorter  sides  of  the  rectangle; 
so  that  by  cutting  sections  of  the  liver  parallel  to  the  longer 
sides  of  the  rectangle  the  stomachs  are  all  cut  transversely  at 
the  same  time. 

We  have  thought  it  -worth  while  to  describe  the  method 
of    fixing    the    stomachs    on    liver^    although    no    novelty  is 
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claimed  for  it/  in  some  detail,  as  it  may  not  be  familiar 
to  some  investigators  working  on  similar  objects,  and 
because  it  is  a  procedure  which  saves  much  time  and 
trouble.  In  the  first  place,  it  is  much  easier  to  imbed  a 
relatively  large  block  of  tissue  than  a  number  of  separate 
tiny  little  stomachs,  and  the  orientation  of  the  objects  can 
be  made  much  more  accurate.  In  the  second  place,  a  great 
economy  of  labour  in  the  section-cutting  and  of  space  in 
the  slides  and  preparations  is  effected.  To  have  a  number 
of  stomachs  cut  in  the  same  section  diminishes  the  labour 
of  looking  through  the  preparations  under  the  microscope, 
and  the  presence  in  the  section  of  the  slice  of  liver  makes  it 
much  easier  to  go  from  one  section  to  the  next  under  the  high 
poAver.  Thirdly,  with  a  little  experience  the  liver  itself 
furnishes  useful  guidance  in  staining  the  sections,  especially 
by  the  ii^on-hjematoxylin  method;  one  soon  learns  what 
degree  of  extraction  of  the  stain  from  the  liver-cells  gives 
the  best  results  for  the  trypanosomes,  so  that  the  process  of 
differentiation  can  be  carried  out  under  low  powers  of  the 
microscope — a  great  advantage.  And  finally,  since  it  may  be 
assumed  that  all  the  stomach-sections  contained  in  one  and 
the  same  microtome-section  have  received  exactly  the  same 
treatment,  it  is  legitimate  to  ascribe  the  very  considerable 
differences  seen  in  different  stomachs  in  the  same  section  to 
constitutional  or  functional  differences  in  the  stomachs  them- 
selves and  not  to  varying  local  effects  of  the  stain. 

The  stomachs,  after  being  fixed  to  the  liver  in  90  per  cent, 
alcohol,  were  imbedded  in  the  usual  way  in  paraffin,  with  a 
melting  point  of  about  54°  C.  Methods  of  celloidin-imbedding 
were  tried,  but  yielded  no  advantages  to  compensate  for  the 
exti"a  trouble,  especially  that  of  extracting  the  celloidin  from 
the  sections — an  indispensable  preliminary  to  staining  them. 
The  best  thickness  for  the  sections  of  stomachs  was  found 
to  be  6/u;    Avith  less  than  that  the    trypanosomes   are    too 

^  One  of  us  (E.  A.  M.)  first  became  acquainted  with  this  method  in 
1891  from  fellow-workers  in  the  Zoological  Station  at  Naples,  and  has 
practised  it  constantly  ever  since. 
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fragiiientai'j.     The  recta  may  with  advantage  be  cat  thinner 
than  6  im,  since  the  crithidial  forms  are  very  minute. 

Various  methods  of  staining  were  tried  on  the  sections, 
but  the  results  of  the  trials  were  that  we  kept  finally  in 
practice  to  two  methods  only,  namely,  iron-hasmatosylin 
(Heidenhain),  followed  by  Lichtgriin-picric  in  absolute  alcohol 
as  a  counter-stain,  and  Griemsa's  method.  For  the  irou- 
haematoxylin  method  the  sections  were  treated  first  as  has 
been  described  above  for  the  coverslip-tilms.  The  Lichtgriin- 
picric,  which  stains  very  rapidly,  was  merely  washed  over  the 
sections  for  a  moment  and  then  washed  off  again  with 
absolute  alcohol.  Giemsa's  stain  was  used,  according  to  the 
published  prescription,  as  follows  :  The  sections  have  their 
paraffin  removed,  and  are  brought  down  to  water  in  the 
ordinary  way.  They  are  then  Avashed  in  tap-water  and  put 
into  dilute  Lugol's  solution  (1  c.c.  of  Lugol  to  25  c.c.  of 
distilled  water)  for  ten  minutes.  After  this  they  are  rinsed 
quickly  in  tap-water  and  put  into  a  0*5  per  cent,  watery 
solution  of  hyposulphite  of  soda  for  ten  minutes.  Next  they 
are  washed  in  a  current  of  tap-water  for  five  minutes  or 
longer,  and  then  put  into  the  stain.  The  distilled  water  used 
to  dilute  the  Giemsa-stain  has  to  be  neutralised  in  the  way 
prescribed  by  Giemsa.^  The  sections  were  first  placed  in 
fairly  strong  stain — say,  1  drop  of  Giemsa  to  1  c.c.  of 
neutralised  distilled-water — for  about  an  hour,  and  then  were 
left  overnight  in  a  weaker  stain — 1  drop  of  Giemsa  to  4  or  5  c.c. 
of  neutral  distilled-water.  The  excess  of  stain  is  removed 
by  rinsing  in  water,  and  after  the  excess  of  water  has  been 
drained    off    differentiation  of    the  stain  is  carried   out  with 

'  A  measured  volume  of  the  distilled  water  to  be  neutralised  is  taken, 
and  to  it  are  added  a  few  drops  of  hiematoxylin-solution  (5  per  cent,  in 
distilled  water),  sufficient  to  tint  it.  Then  a  very  weak  solution  (1  per 
cent,  in  distilled  water)  of  potassium  carbonate  is  added  droi?  by  droj), 
the  water  being  well  shaken  after  each  drop  has  been  added,  and  left 
for  a  miniite  or  two,  until  the  colour  of  the  tinted  water  changes  from 
yellowish-red  to  reddish-purple.  In  this  way  the  number  of  drops  of 
the  carbonate-solution  required  for  neutralising  a  given  volume  of  the 
distilled  water  is  known. 
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different  strengths  of  acetone  mixed  witb  xylol,  beginning 
with  95  per  cent,  acetone  used  for  a  very  short  time,  in  order 
to  dehydrate  the  sections  and  extract  the  stain,  and  ending 
with  pure  xylol,  after  which  the  slides  are  mounted  in  dammar 
or  Canada-balsam. 

Of  the  two  staining  methods  principally  used,  iron-heema- 
toxylin  gave  admirable  results  after  Flemming,  especially  for 
the  intracellular  stages  ;  for  the  extracellular  trypanosomes 
this  stain  is  not  so  satisfactory,  owing  to  the  fact  that  the 
blood-debris,  especially  in  the  earlier  stages  of  digestion, 
stains  very  intensely  with  it  and  refuses  to  give  up  the  stain — 
at  any  rate  not  until  after  it  has  been  all  extracted  from 
the  cells  and  parasites.  Consequently  trypanosomes  free  in 
the  blood  may  be  entirely  obscured  by  the  opaque,  deeply- 
stained  debris,  and  hence  quite  invisible.  The  black  stain  of 
the  blood-debris  is  even  more  intense  after  Maier  than  after 
Flemming ;  sections  of  stomachs  fixed  in  Maier  less  than 
thirty-six  hours  after  feeding  are  hopeless  for  the  iron- 
h^ematoxylin  staiu,  so  far  as  the  free  trypanosomes  are  con- 
cerned, and  those  fixed  in  Flemming  are  not  much  better. 
By  Giemsa's  method,  on  the  other  hand,  the  trypanosomes  in 
blood-debris  are  sharply  differentiated  and  admirably  shown; 
in  the  cells  they  are  also  good,  better,  perhaps,  as  "  show '' 
preparations,  but  not  so  precise  in  minute  cytological  details 
as  by  the  iron-hgematoxylin  method. 

To  sum  up  the  results  of  our  experience  in  the  technique 
of  stomach-sections,  we  recommend :  (1)  Flemming's  fluid, 
followed  by  iron-htematoxylin  and  Lichtgriin-picric  ;  and  (2) 
Maier's  fluid,  followed  by  Giemsa\s  stain.  These  two  methods, 
supplementing  each  other,  may  be  relied  upon  to  reveal  all 
essential  details  of  the  intimate  life  of  the  trypanosome  and 
of  the  disturbances  produced  by  it  in  the  tissues  of  the  host. 
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PAET     II.— THE     DEVELOPMENT    OF    TRYPANOSOMA 
LEWISI  IN  THE  FLEA. 

(1)  Genkral  Introduction. 

From  the  results  of  experiments,  described  further  below, 
it  is  shown  that  fleas  fed  on  rats  infected  with  Trypanosoma 
lewisi  do  not  become  infective  to  rats  again  until  a  period  of 
at  least  five  or  six  days  has  elapsed  from  the  time  that  the 
fleas  first  ingested  blood  containing  trypanosomes.  From  these 
experimental  data  it  may  be  inferred  that  the  developmental 
cycle  of  T.  lewisi  in  the  flea  requires  a  minimum  of  five  days 
for  its  complete  course.  The  conclusions  drawn  from  the 
experiments  are  confirmed  by  direct  observation,  since  it  is 
found,  as  will  be  described  presently,  that  the  little  stumpy 
trypanosome  which  is  the  final  form  of  the  development  in 
the  flea,  makes  its  first  appearance  in  the  rectum  of  the  flea 
about  five  days  after  the  development  begins. 

During  the  entire  course  of  its  development  the  trypano- 
some is  confined  to  the  alimentaiy  canal  proper  of  the  flea, 
and  is  found  in  tlie  stomach,  intestine,  and  rectum ;  it  is 
never  found  in  the  body-cavity  (hfeniocoele),  and  by  a  series 
of  observations  and  experiments,  which  in  our  opinion  are 
exhaustive  (see  below),  we  have  convinced  ourselves  that  the 
trypanosome  does  not  penetrate  into  the  salivary  glands.  It 
may,  however,  occur  in  the  Malpighian  tubules  exceptionally, 
as  the  small  crithidial  form,  characteristic  of  the  rectal  phase, 
attached  to  the  wall  of  the  tubes  at  or  near  their  proximal 
opening  into  the  proctodaeum. 

The  developmental  cycle  can  be  divided  conveniently  into 
phases  characteristic  of  the  parts  of  the  gut  in  which  the  try- 
panosomes are  found,  and  we  can  thus  distinguish  a  stomach- 
phase  and  a  rectal  phase.  These  distinctions  are  useful  and 
natural,  but  their  sharpness  is  blurred  by  not  infrequent 
variations  in  the  course  of  events;  thus  forms  belonging 
normally  to  the  rectal  phase  may  sometimes  be  found  in  the 
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pyloric  region  of  the  stomach,  though  the  converse  case  of 
the  typical  stomach-phase  occurring  in  the  rectum  is  not 
found.  We  may  consider  these  phases  first  in  their  normal 
and  typical  modes  of  occurrence,  and  deal  with  the  variations 
subsequently. 

The  stomach-phase  (Pis.  36-39)  is  the  first  period  of  the 
development  and  is  characterised  by  a  peculiar  mode  of  multi- 
plication on  the  part  of  the  trypanosomes,  which  penetrate 
into  the  epithelial  cells  lining  the  stomach  and  there  repro- 
duce themselves  by  a  process  of  multiple  fission.  Hence  in 
this  period  of  the  development  free  and  intracellular  forms 
can  be  distinguished.  The  stomach-phase  is  of  short 
duration,  perhaps  in  some  cases  lasting  not  more  than 
twenty-four  hours,  in  others  two  or  three  days,  in  rare  cases 
four  or  even  five  days,  but  probably  always  terminated  by  the 
second  feed  of  the  flea,  counting  as  the  first  feed  that  by 
which  the  flea  became  infected. 

In  the  intestine  the  trypanosomes  find,  as  a  rule,  no  resting 
place,  but  merely  pass  through  it  on  their  way  to  the  rectum. 
Hence,  the  forms  found  in  the  intestine  are  usually  active, 
migratory  forms  which  have  completed  the  stomach-phase  and 
are  on  their  way  to  the  rectum  to  initiate  the  rectal  phase. 
Occasionally,  however,  forms  similar  to  those  characteristic 
of  the  rectal  phase  may  be  found  attached  to  the  wall  of  the 
intestine,  especially  near  the  pyloric  opening. 

The  rectal  phase  (Pis.  41  and  42)  consists  chiefly  of  small, 
often  minute  individuals,  which  are  crithidial  in  structure 
and  are  attached  by  the  tip  of  the  flagellum  to  the  wall  of  the 
rectum,  where  they  keep  up  a  continual  multiplication  by 
binary  fission.  The  crithidial  form  of  the  development  takes 
origin  in  the  rectum  and  is  first  established  there,  but  may 
migrate  forward  to  the  pyloric  region  of  the  stomach  later  on. 
When  once  established  in  the  flea,  the  crithidial  phase  endures, 
probably,  as  long  as  the  flea  lives,  and  thus  constitutes  a 
permanent  stock  of  the  parasite,  enabling  the  infectivity  of 
the  flea  to  be  maintained  without  renewal  of  the  infection. 
From  the  crithidial  phase  arise  by  modification   of  individual 
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critliidial  forms  the  small  trypanosome-forms  by  which  the 
infection  of  the  rat  is  brought  about,  and  which  are  the  final 
forms  of  the  developmental  cycle  in  the  flea. 

By  no  means  all  the  trypanosomes,  however,  which  are 
taken  up  from  the  rat  by  the  flea  undergo  the  course  of 
development  sketched  out  briefly  in  the  foregoing  paragraphs. 
By  experiment  it  is  found  that  only  a  relatively  small  number 
of  the  fleas  fed  on  infected  rats  become  infective,  apparently 
not  more  than  one  flea  in  four,  on  an  average  (see  below)  ; 
and  these  results  are  confirmed  by  direct  observation.  If  a 
number  of  fleas  are  fed  on  a  well-infected  rat,  trypanosomes 
will  be  found  in  the  gut  of  all  the  fleas  dissected  and  examined 
a  shoi't  time  after  feeding;  but  the  longer  the  interval  between 
the  feeding  and  the  examination  of  the  fleas  the  larger  the 
proportion  of  the  fleas  in  which  the  trypanosomes  have  dis- 
appeared or  become  very  scanty,  until  finally  trypanosomes 
will  be  found  in  but  few  (see  Tables  A  and  B  (2)  above).  Pro- 
bably the  percentage  of  fleas  in  which  the  trypanosome 
succeeds  in  establishing  itself  permanently  may  be  taken,  on 
the  average  as  about  25  per  cent,  (see  p.  663  below) .  It  follows 
that  in  about  75  per  cent,  of  the  fleas  which  digest  blood  con- 
taining T.  lewisi  the  parasites  die  out  altogether,  and  it  is 
probable  that  in  all  the  fleas  a  certain  number  of  the  ingested 
trypanosomes  die  off,  since  fleas  that  have  been  fed  on  a  rat 
with  trypanosomes  swarming  in  the  blood  may  exhibit  a  very 
scanty  infection  of  the  gut  at  any  subsequent  period. 

From  these  data  it  is  to  be  expected  that  together  with 
developmental  forms  of  the  trypanosomes,  various  stages  in 
their  degeneration  would  also  be  found  in  the  fleas,  at  least 
during  the  first  few  days  after  the  parasites  were  ingested 
by  them,  and  this  expectation  is  fully  realised.  It  is  necessary, 
therefore,  to  recognise  a  degenerative  series  of  forms  (PI.  43) 
as  well  as  a  developmental  series  in  the  gut  of  the  flea,  and  to 
distinguish  carefully  the  two  series  from  one  another.  Any 
particular  flea,  when  dissected  and  examined,  may  present  an 
extraordinary  medley  of  different  forms  of  the  trypanosome. 
To  distinguish  between  the  different  forms  and  to  refer  each 
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form  to  its  proper  position  and  sequence  in  the  series,  whether 
developmental  or  degenerative,  is  our  task,  and  it  is  no  light 
one.  When  we  were  at  an  earlier  stage  in  our  investigations 
we  did  not  recognise  sufficiently  the  importance  of  the 
degenerative  series,  and  consequently  tried  to  interpolate 
degenerative  forms  into  the  developmental  series,  greatly  to 
our  own  confusion.  On  the  other  hand  it  is  necessary  to  steer 
very  clear  of  a  tendency  to  explain  any  form  as  degenerative, 
of  which  the  developmental  position  is  not  immediately  clear  ; 
thus  we  were  at  first  inclined  to  regard  the  peculiar  recurved 
forms  in  the  stomach  as  degenerative,  until  we  discovered  the 
intracellular  multiplication  and  were  thereby  enabled  to  refer 
the  recurved  forms  to  their  true  position. 

In  the  problem  of  piecing  together  and  reconstructing 
the  sequence  of  the  two  series,  developmental  or  degenerative, 
there  is,  to  begin  with,  a  known  and  fixed  starting  point  for 
each,  namely,  the  ordinary  form  of  T.  lewisi  as  it  occurs  in 
the  blood  of  the  rat.  Further  clues  are  obtained  by  linking 
together,  through  gradual  transitions,  the  forms  seen  in  the 
fleas,  but  more  especially  by  the  study  of  'Hime-fed'^  fleas, 
that  is  to  say,  fleas  dissected  and  examined  at  known  periods 
of  time  after  they  have  been  fed  on  the  infected  rat.  The 
part  of  the  gut  in  which  a  given  form  occurs  is  a  further 
guide  as  to  its  significance;  and  all  data  and  conclusions 
obtained  from  observation  are  controlled  and  checked  by 
the  results  of  experiment,  especially  useful  in  determining 
the  final  form  of  the  development.  Guided  by  these  various 
considerations  we  have  arrived  at  the  conception,  set  forth 
below  in  fuller  detail,  of  the  changes  undergone  by  the 
trypanosome  in  the  flea  (see  especially  PI.  45  and  description). 
In  our  account  we  describe  separately  the  two  series  which 
we  regard  as  developmental  and  degenerative  respectively ; 
but  it  must  be  pointed  out  that  while  these  two  series  are 
very  distinct  and  easily  recognisable  as  a  whole,  certain 
forms  or  stages  of  the  one  series  are  sometimes  very  difficult 
to  distinguish  decisively  from  very  similar  forms  belonging  in 
reality  to  the  other  series.     Consequently  it  is  impossible  to 
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be  free  from  doubt,  occasionally,  with  regard  to  tlie  place 
to  be  assigned  to  a  particular  specimen  or  type  of  indi- 
vidual. 

It  remains  only  to  be  stated  at  this  point  that  we  adhere  to 
the  following  nomenclature  for  the  parts  of  the  body  of  the 
trypanosome  or  crithidia  :  Blepharoplast  for  the  basal  granule 
of  the  flagellum ;  kinetonucleus  for  the  smaller,  tropho- 
uucleus  for  the  largei",  of  the  two  nuclei.  In  order  to  save 
space  we  shall,  however,  use  for  the  kinetonucleus  the 
symbol  n  (plural  nn)  and  for  the  trophouucleus  the  symbol 
lY  (plural  iV^i\0. 

(2)  The  Developmextal  Seeies. 

(a)  The  Stomach-Phase. 

The  blood  ingested  by  the  Ilea  passes  in  the  first  instance 
into  the  stomach,  that  portion  of  the  digestive  tract  which  is 
derived  from  the  embryonic  mid-gut  or  mesenteron,  and 
Trvhich  is  lined  by  a  layer  of  epithelium  representing  the  true 
hypoblast  or  endoderm  of  the  embryo.  In  the  post-embryonic 
stages  of  the  insect,  this  part  of  the  gut  is  characterised  by 
the  absence  of  the  chitinous  cuticular  lining  secreted  by  the 
ectodermal  epithelium  of  the  parts  anterior  or  posterior  to  it, 
namely,  the  stomodaeum,  comprising  the  pharynx,  oesophagus, 
and  proventriculus,  and  the  proctodaeum,  comprising  the 
intestine  and  rectum.  The  boundary  between  mid-gut  and 
hind-gut  is  further  indicated  by  the  origin  at  this  point  of 
the  Malpighian  tubules. 

In  what  may  be  called  a  normal  feed,  the  flea  fills  the 
stomach  and  proventriculus  alone.  It  is  not  an  infrequent 
occurrence,  however,  for  some  fleas  to  gorge  themselves  to 
such  an  extent  that  the  freshly  ingested  blood  not  only  fills 
the  stomach  completely,  but  overflows  beyond  it  into  the 
intestine  and  rectum  ;  we  have  observed  this  to  happen  most 
frequently  in  the  case  of  female  fleas,  rarely  in  the  case  of 
males.     In   such    cases   some  of  the  ingested  trypanosomes 
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may  be  carried  on  at  once  into  the  proctodfeal  regions  of  the 
gut,  but  all  such  trypanosomes  degenerate,  and  need  not  be 
reckoned  with  in  the  developmental  series,  the  first  phases  of 
which  take  place  always  in  the  stomach  alone. 

(a)  The  Extracellular  Trypanosomes. 

The  trypanosomes  introduced  into  the  stomach  very  soon 
begin  to  undergo  changes   (PI.  36,  figs.  1  and  2  ;  PI.  37,  figs. 
47  and  48).     The  first   change    is  probably  purely  physio- 
logical, since  long  before  any  alteration  is  observable  in  form 
or  structure  these  ingested  trypanosomes  seem  to  have  lost 
their  power  to  infect  when  injected  subcutaneously  into  clean, 
susceptible    rats     (see    below,    p.    634).      The    next  change 
observed   in    these  ingested    trypanosomes  may    be  seen  on 
examining  microscopically  the  contents   of  a  flea's  stomach 
four  to  six  hours  after  the  first  feed  on  an  infected  rat.     A 
certain  number  of  trypanosomes  will  then  be  seen  to  pass 
rapidly  in  a  straight  course  across  the  field  of  the  microscope 
with  their  flagella  directed  anteriorly.     The  posterior  third 
of  the  body  is  held  more  or  less  straight   and   appears  more 
rigid,  as  it  does  not  share  in   the   rapid  undulations   of  the 
anterior  end  of  the  body.     The  movements  of  these  trypano- 
somes thus  contrast  strongly  with  the  sinuous,  serpentine  and 
wriggling  rather  than  progressive  movements  characteristic 
of  the  trypanosomes  in  the  blood.     When  not  actively  pi'O- 
gressing,  the  trypanosomes  in  the  stomach  have  a  tendency  to 
attach  themselves  by  the  tips  of  their  flagella  to  pieces  of 
debris,  to  the  wall  of  the  stomach,  or  to  the  surface  of  any 
other  firm  body.      The  stiffening  of  the  trypanosome-body  is 
probably  due  to  increased  tension  of  the  cytoj^lasmic  contents 
produced  by  absorption  of  fluid  from  the  ingested  blood  as  it 
undergoes  alteration  in  the  process  of  digestion.     As  a  result 
of  absorption  or  imbibition  of  fluid,  the  body  of  the  parasite, 
previously  more  or  less  distinctly  flattened,  acquires  a  cylin- 
drical and  more  rigid  contour.    If  this  explanation  be  correct, 
it  folloAvs  that  the  first  stimulus  to  developmental  change  is 


518  E.   A.    MINTHIN   AND   J.   D.    THOMSON. 

to  be  ascribed  to  differences  of  osmotic  tension  in  the  fluid 
medium,  as  has  been  shown  experimentally  by  Miss  Robertson 
(1911)  to  be  the  case  in  the  development  of  the  trypanosomes 
of  fishes. 

In  stained  preparations  most  of  the  ingested  trypanosomes 
show  at  first  little  modification  from  the  ordinary  blood-try- 
panosomes.  In  rare  instances  the  nuclei  may  be  approximated 
(PI.  36,  fig.  2).  Some  show  a  darker  staining-reaction  of  the 
posterior  third  of  the  body,  which  appears,  from  the  back- 
ward position  of  n  in  such  forms,  to  be  a  sign  of  degeneration 
beginning  to  set  in  (compare  PL  43,  figs.  289,  290). 

In  their  free  active  state  the  trypanosomes  in  the  stomach 
are  never  found  to  be  undergoing  multiplication  by  any  form 
of  fission,  and  it  is  doubtful  if  they  undergo  any  develop- 
mental changes  further  than  those  described  above,  until 
after  they  have  multiplied  within  the  cells  of  the  lining 
epithelium  of  the  stomach.  The  multiplication  of  the  stomach- 
phase  takes  place  solely  Avithin  these  cells,  and  although,  in 
strict  chronological  order,  we  should  now  describe  the  intra- 
cellular stages  of  multiplication,  it  is  more  convenient  for 
purposes  of  description  to  divide  the  stomach-phase  into 
"  free  "  and '' intracellular ''  stages,  and  to  describe  all  the 
free  developmental  forms  before  describing  the  intracellular 
multiplication. 

It  can  be  established  by  dii'ect  observation  that  the  process 
of  intracellular  multiplication  produces  a  long,  free  type  of 
trypanosome  which  may  be  characterised  by  the  term 
"  crithidiomorphic,"  because  while  externally  similar  in  form 
and  movements  to  a  large  ci-ithidial  type  of  flagellate,  it 
lacks,  as  a  rule,  the  diagnostic  structural  feature  of  a  true 
crithidial  form,  since  only  exceptionally  is  n  found  actually 
beside  or  in  front  of  N  (PI.  36,  figs.  3-11,  PI.  37,  figs.  49-57). 
We  shall  now  proceed  to  describe  in  more  detail  this  late, 
free  form  of  trypanosome.  It  must,  of  course,  be  understood 
that  as  several  generations  of  the  intracellular  stage  may 
follow  each  other  in  succession  (see  below),  free  and  intra- 
cellular   forms    in   all  stages   of  development    can  be  found 
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together  in  the  same  stomach.  We  believe,  howevei*,  that 
the  typical  critbidiomorphic  type  of  trypanosome  always 
follows  an  intracellular  stage,  that  in  its  less  developed  form 
it  is  the  direct  product  of  intracellular  multiplication,  and 
that  though  in  this  form  it  may  again  enter  an  epithelial  cell 
and  multiply,  it  is,  in  the  more  advanced  form,  the  highest 
developmental  type  of  the  stomach-phase  and  is  destined  to 
pass  down  the  intestine  into  the  rectum  where,  after  under- 
going further  modification,  it  initiates  the  characteristic 
crithidial  rectal  phase  to  be  described  below. 

In  the  living  condition  the  ci-ithidiomorphic  form  pro- 
gresses at  a  great  pace  in  a  straight  line  with  the  flagellum 
directed  anteriorly  (^'^  mouvement  en  fleche^'),  in  much  the 
same  manner  as  does  the  early  stomach-form  above  described. 
It  is,  however,  considerably  longer  and  the  posterior  end  is 
more  rigid  and  swollen,  often  distinctly  clubbed.  Owing  to 
the  rapid  motion  and  imperfectly  straight  body,  the  clubbed 
appearance  is  exaggerated  iu  the  living  condition,  but  stained 
preparations  also  show  that  some  of  the  trypanosomes  ai"e 
distinctly  clubbed  in  shape.  Like  the  early  stomach -form, 
when  not  actively  progressing  the  crithidiomorphic  type  has 
a  strong  tendency  to  attach  itself  by  the  tip  of  its  flagellum 
to  cells  or  debris,  etc.  Apart  from  its  size  the  distinguishing 
characteristic  between  this  and  the  earlier  form  is  the  marked 
approximation  of  the  two  nuclei,  best  seen  in  stained 
preparations  (PI.  36,  figs.  7,  8,  10;  PI.  37,  figs.  50,  51). 

It  has  been  mentioned  that  while,  as  a  rule,  the  long,  free  stoniach- 
trypanosomes  have  n  behind  N,  it  is  found  in  a  few  cases  that  they  have 
the  typical  crithidial  structure  with  n  in  front  N.  We  have  obsei-ved 
altogether  but  three  instances  in  which  such  forms  occurred  in  sufficient 
abundance  to  make  them  woi-thy  of  special  note.  The  first  and  most 
striking  was  the  case  of  a  flea  taken  from  a  bell-jar  in  which  a  number 
of  fleas  had  been  kept  for  some  time  with  an  infected  rat,  so  that  the 
length  of  time  since  the  flea  had  ingested  the  parasites  was  not  known. 
The  body-cavity  of  the  flea  contained  a  cysticercoid  of  Hymenolepis 
diminuta  (vide  NicoUand  Minchin.  1911).  The  intestine  of  this  flea 
showed  a  peculiar  malformation  in  the  form  of  a  globular  pouch-like 
appendix,  distended  with  red  fluid,  and  due  apparently  to  an  obstruc- 
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tiou  or  strangulation  of  the  intestine.  The  stomach,  examined  fresh, 
was  seen  to  contain  a  great  number  of  active  trypanosomes,  some  of 
which  were  adhering  together  in  couples,  and  in  the  intestine  a  clump 
of  attached  forms  was  seen  near  the  origin  of  the  Malpighian  tubules. 

In  the  preparations  of  the  stomach  of  this  flea  a  great  uumher  of  try- 
panosomes were  found  showing  every  possible  gradation  of  structure, 
from  forms  similar  to  the  ordinaiy  blood-trypanosomes  to  a  long 
crithidial  type  with  n  far  in  front  of  N  (PI.  36,  fig.  11  and  PL  37, 
figs.  60-66).  Many  of  these  were  found  closely  adherent  in  couples,  just 
as  had  been  seen  in  the  fresh  state,  each  such  couple  being  composed  of 
two  crithidial  forms  in  most  cases,  but  sometimes  of  two  ordinary 
forms  (PI.  36,  fig.  12.  and  PI.  37,  figs.  67,  68).  In  every  couple  seen  the 
two  individuals  appeared  quite  distinct  and  showed  no  signs  of  actual 
fusion;  one  couple  was  found  attached  tete  beche  (as  in  PL  43, 
fig.  31U).  In  the  preparation  of  the  rectum  and  intestine  (preserved 
together)  a  few  similar  large  trypauiform  or  crithidial  individuals  were 
seen,  and  also  a  fair  number  of  dwarfed,  degenei'ative  forms,  but  no 
couples. 

Special  mention  has  been  made  of  this  flea  because  we  were  at  first, 
and  remained  for  some  time,  under  the  impression  that  the  couples  seen 
rej)resented  a  true  sexual  fusion,  and  that  we  had  discovered  the  sexual 
phase  of  the  trypanosome.  We  have  been  quite  unable,  however,  to 
confirm  this  notion  or  to  find  a  similar  state  of  things  in  any  other  flea 
of  all  those  examined  by  us,  and  we  now  regard  the  state  of  things 
found  by  us  in  this  particular  flea  as  exceptional  and  abnormal,  in  rela- 
tion probably  to  the  malformations  noted  by  us  in  the  flea  itself.  It  is 
jjossible  that  the  malfonned  condition  of  the  intestine  prevented,  to  some 
extent,  the  passage  onwards  of  the  ti-ypanosomes  from  the  stomach,  and 
so  caused  an  aiTest  of  development  in  the  parasites,  in  which  the 
tendency  towards  the  crithidial  type  of  structure  became  realised  to  its 
fullest  extent.  The  coupling  of  the  trypanosomes  must  then  be  regarded 
as  agglomeration  due  to  abnormal  and  xmfavourable  conditions,  though 
in  no  case  were  more  than  two  trypanosomes  seen  adhering  together. 

The  second  case  in  which  the  long  crithidial  forms  were  prominent 
was  in  a  flea  of  a  batch  which  had  been  fed  on  an  infected  rat  three  days 
before  being  examined  and  dissected.  The  fleas  had  been  kept  in  an 
incubator  at  a  temperature  of  25°  C.  after  the  infective  feed,  and  had  not 
been  fed  again.  In  one  of  the  fleas  long  crithidial  fonns  with  n  in  front 
of  N,  were  fairly  numerous,  together  with  intracellular  multiplicative 
stages,  in  the  stomach  (PL  37.  figs.  56,  57) ;  in  the  rectum  one  active 
trypanosome  of  the  long  stomach-type  and  a  clump  of  degenerative 
forms  were  seen  in  the  fresh  state. 

The  thii-d  case  to  be  noted  was  in  a  flea  of  a  batch  which  had  l)een  fed 
twenty-four  hours  previously  on  an  infected  rat.     There  was  nothing 
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special  to  note  about  tliis  flea ;  tlie  stomach  contained  many  long  active 
trypanosomes,  with  n  and  N  closely  appi'oximated,  or  with  n  in  front  of 
N  (PI.  36,  figs.  9, 10),  and  also  some  dwarfed  degenerative  forms,  but  no 
multiplicative  stages.  In  the  rectum  a  few  clumps  of  degenerative 
api^earance  and  some  developmental  forms  were  seen. 

Besides  these  three  cases  which  have  come  under  our  observation,  in 
which  the  long  crithidial  type  was  conspicuously  abundant  in  the 
stomach,  we  have  noted  the  occasional  occurrence  of  this  type  at 
various  ages — twenty-four  hours,  forty-eight  hours,  and  sixty  houi-s — 
after  the  flea  had  fed  on  an  infected  rat.  It  is  evident  that  it  must  be 
regarded  as  exceptional  for  the  trypanosomes  to  reach  the  complete 
crithidial  condition  in  the  stomach,  and  that  no  special  significance  can 
be  attributed  to  the  crithidial  form  in  this  part  of  the  life-cycle, 
although  in  rare  instances  and  under  special  circumstances  it  may  be 
abundant. 

It  will  be  clear  from  the  foregoing  remarks  that  we  are  quite  unable 
to  agree  with  the  statements  of  Swellengrebel  and  Strickland  (1910)  > 
who,  having  examined  two  fleas  one  day  after  feeding  on  the  infected 
rat  and  five  othei's  two  days  after  the  infected  feed,  describe  the  trans- 
formation of  the  long  crithidiomorphic  type  of  trypanosome  into  the 
long  crithidial  type  as  the  normal  and  usual  method  of  development  in 
the  stomach.  On  the  strength  of  somewhat  morfe  extended  experience, 
we  consider  the  long  crithidial  form  to  be  of  highly  exceptional  occur- 
rence, both  in  the  stomach  and  elsewhere,  at  so  early  a  period  of  the 
development,  as  already  stated;  we  can  only  explain  the  results  of 
Swellengi-ebel  and  Strickland  on  the  supposition  that  they  were  so 
unfortunate  as  to  have  chanced  upon  abnormal  fleas,  similar  to  the 
three  cases  described  by  us  above,  or  that  they  may  have  regarded  as 
crithidial  forms  the  very  commonly-occurring  recmwed  forms,  which 
they  do  not  describe  at  all. 

lu  view  of  what  is  known  with  regard  to  both  the  later 
development  of  T.  lewisi  in  tlie  flea  and  the  life-cycle  of 
other  trypanosomes  in  their  invertebrate  hosts,  it  is  evident 
that  the  crithidial  type  of  form  and  structure  is  the  principal 
and  most  characteristic  phase  of  the  development,  and  that 
there  is  a  pronounced  tendency  for  the  trypanosome  to  assume 
crithidial  characters  when  taken  up  by  the  flea — a  tendency 
which  asserts  itself  more  strongly  after  the  trypanosomes 
have  undergone  multiplication  in  the  cells  of  the  lining 
epithelium  of  the  stomach.  So  long,  howevei-,  as  the  trypa- 
nosome remains  in  the  stomach  the  atavistic  tendency  towards 
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the  assumption  of  the  critbidial  form  (-^)  does  not  normally 
(or,   at   all   events,  usually)  get  beyond  the  crithidiomorphic 

form   (  ).     Occasionally,  nevertheless,  the  crithidial  form 

\    n   J  -        . 

asserts  itself,  as  it  were,  even  during  the  stomach-phase  ;  more 

especially,  perhaps,  under  the  influence  of  any  circumstances 

which  tend  to  retard  the  development  of  the  trypanosomeand 

retain  it  in  the   stomach  after  it  is  ripe  for  passage  into  the 

proctodgeum,   but    not  infrequently   even    under    conditions 

which  cannot  be  asserted  to  be  in  any  Avay  abnormal. 


(b)   The    Intracellular    ^Mul  tip  lie  at  ion    of    the 
Trypanosome. 

As  already  stated,  the  multiplication  never  takes  place  in 
the  free,  active  condition  of  the  trypanosome,  but  only  after 
it  has  penetrated  into  one  of  the  large  epithelial  cells  lining 
the  stomach,  within  which  it  goes  through  a  process  of 
multiple  fission  to  produce  a  number  of  daughter-individuals 
which  escape  from  the  cell  and  pass  back  into  the  lumen  of 
the  stomach  as  free  trypanosomes  again.  The  whole  pro- 
cess of  intracellular  multiplication,  so  far  as  it  could  be  made 
out  by  observation  of  living  trypanosomes  in  the  stomachs  of 
freshly-dissected  fleas,  was  described  by  us  in  our  preliminary 
report  (1911) ;  we  had  not  then  had  sufficient  time  or  oppor- 
tunity to  make  detailed  studies,  which  present  peculiar  diffi- 
culties, of  the  multiplication  in  preserved  and  stained  material. 
The  ordinary  smear-methods  seldom  permit  any  finer  details 
to  be  made  out  of  the  trypanosomes  within  the  cells,  on 
account  of  the  large  size  and  thickness  of  the  cells  and  con- 
sequent opacity  of  the  preparation.  It  is  only  possible  in 
smears  to  stud}^  the  stages  of  multiplication  set  free  by  the 
ruptui-e  of  the  cells ;  but  even  of  such  specimens  it  is  difficult 
to  get  pei'fectly  satisfactory  preparation  for  microscopic  study 
of  detail.  With  the  method  of  fixation  by  vapour  of  osmic 
acid  and  subsequent  coloration  with  Giemsa's  stain  or  other 
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modification  of  the  Romanowsky  method  of  staining  we  have 
obtained  occasionally  very  clear  preparations  of  the  later 
stages  of  the  multiplication,  but  as  a  rule,  the  "  spheres  " 
with  many  nuclei  take  up  the  stain  with  such  intensity  that 
they  become  opaque  masses  showing  nothing  of  the  internal 
structure,  although  in  the  same  preparations  the  free  trypano- 
somes  may  be  stained  to  perfection.  If  in  such  preparations 
the  stain  be  cautiously  extracted  by  means  of  acetone  or  other 
suitable  media,  it  is  possible  to  obtain  specimens  showing  the 
nuclei  satisfactorily,  but  then,  as  a  rule,  the  flagella  are 
invisible,  having  lost  the  stain  completely,  while  the  free 
trypanosomes  or  early  stages  of  multiplication  on  the  same 
slide  have  become  mere  ghosts  or  have  vanished  altogether, 
beyond  the  power  of  visual  resuscitation  by  the  most  delicate 
and  refined  methods  of  microscopic  illumination.  Yery  often 
in  such  preparations  only  the  kinetonuclei  can  be  seen,  the  tro- 
phonuclei  having  disappeared.  In  the  study  of  Eomanowsky- 
stained  preparations  it  was  generally  found  necessary  to  begin 
by  drawing  all  that  could  be  seen,  general  outline,  project- 
ing flagella,  in  the  opaque,  untouched  preparations  of  the 
spheres,  and  then  to  perform  a  number  of  successive  opera- 
tions of  cautious  extraction  of  the  stain,  examining  the 
preparations  after  each  such  operation  and  adding  to  the 
drawing  any  fresh  details  of  structure  brought  to  light.  It 
was  difficult,  however,  to  control  the  extraction  of  so  sensitive 
a  stain  with  sufficient  exactness  to  avoid  losing  the  whole  of 
it  in  an  instant.  The  last  state  of  the  preparation  was 
generally  one  which  left  it  useless  for  purposes  of  demonstra- 
tion; always  a  disappointment  to  the  microscopist  and  his 
friends.  We  have  never  succeeded  in  re-staining  satisfac- 
torily preparations  in  which  the  Eomanowsky  stain  has  been 
over-extracted. 

By  far  the  best  and  most  instructive  preparations  of  the 
intracellular  multiplication  were  obtained  in  the  coverslip 
prepai'ations  fixed  in  Schaudinu's  or  Maier's  fluid  and  subse- 
quently stained  by  the  iron-hsematoxylin  method,  as  described 
above.     Only  in  such  preparations  was  it  found  possible  to 
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coiiti-ol  the  stain  so  that  in  the  hirgest  spheres  both  nuclei 
and  flagella  were  visible;  even  then,  however,  the  tropho- 
nuclei  were  sometimes  faint  and  difficult  to  make  out  clearly 
■when  the  flagella  were  still  sharp  and  distinct.  Of  one  film 
in  which  the  smear  was  thickly  crowded  with  spheres  of 
various  sizes,  some  free,  others  still  in  the  tissue,  a  very 
satisfactory  preparation  was  obtained  by  staining  with  Mann's 
hjematoxylin,  carried  out  with  the  friendly  help  of  the  inventor 
of  the  stain  himself.  The  result  was  a  very  good  "  show  " 
preparation  of  the  multinucleate  spheres,  sharp  and  clear, 
even  in  the  thick  parts  of  the  smear,  and  especially  suitable 
for  moderate  magnification ;  the  flagella,  however,  could  not 
be  made  out. 

While  the  ordinary  smear-methods  presented  special  diffi- 
culties, very  convincing  and  beautiful  preparations  of  the 
intra-cellular  phase  were  obtained  in  sections  of  fleas* 
stomachs  extracted  carefully  from  the  body  and  preserved  in 
various  ways;  a  full  account  of  the  technique  employed  is 
given  above.  Such  preparations  have  the  immense  advan- 
tage of  exhibiting  the  exact  relations  of  the  trypanosomes  to 
the  cells  ;  it  is  possible  to  look  through  every  section  of  each 
series,  to  note  every  trypanosome,  free  or  intracellular, 
occurring  in  each  stomach,  and  to  observe  what  each  parasite 
was  doing  at  the  moment  the  stomach  was  preserved.  On  the 
other  hand,  for  the  study  of  the  stages  of  multiplication, 
sections  have  the  disadvantage  that  the  parasites  themselves 
are  often  halved  or  mutilated,  so  that  any  given  specimen 
may  be  only  a  part  or  fragment  of  the  whole  body.  Both 
smears  and  sections  are  therefore  indispensable,  and  supple- 
ment each  other  in  obtaining  a  comj^lete  picture  of  the  course 
of  events. 

So  much  for  methods  and  technique ;  we  proceed  now  to 
give  an  account  of  our  observations. 

From  Noller's  investigations  on  the  development  of  T. 
lewisi  in  Ctenocephalus  canis,  it  appears  that  the 
intracellular  multiplication  begins  about  six  hours  after  the 
ingestion  of  the  trypanosomes  by  the  flea.     In  our  prepara- 


THE    EAT-TRrPAXOSOME,    TRYPAXOSO^^IA    LEWIS!.        525 

tions  o£  a  batch  of  fleas,  of  which  the  infection  could  not  have 
been  more  than  nine  and  a  half  or  less  than  seven  and  a  half 
hours  old,  we  have  found  the  recurved  forms  fairly  commonly 
and  also  some  of  the  rolled-up  forms  characteristic  of  the 
early  intracellular  stages  (Text-fig.  23,  p.  635).  We  have 
no  other  records  of  intracellular  multiplication  in  our  fleas 
earlier  than  twelve  hours.  The  stages  of  the  intracellular 
multiplication  are  to  be  found  in  all  parts  of  the  epithelium  of 
the  stomach,  from  close  behind  the  proventriculus  to  the 
pylorus. 

Our  investigations  upon  the  intracellular  multiplication 
contain,  unfortunately,  one  gap  which  we  have  been  unable 
to  fill;  we  have  not  succeeded  in  observing  the  actual  pene- 
tration of  the  epithelial  cell  by  the  trypanosome.  NoUer, 
however,  has  been  so  fortunate  as  to  observe  the  process,  and 
gives  the  following  account  of  it.  In  a  dog-flea  which  had 
sucked  infected  blood  five  hours  and  fifty-five  minutes 
previously,  he  saw  ''  a  trypanosome,  of  which  the  pointed 
hinder  end  had  already  penetrated  into  an  epithelial  cell. 
The  flagellum-bearing  anterior  end  beat  violently  and 
incessantly,  whereby  the  trypanosome  penetrated  further 
and  further  into  the  cell.  After  I  had  watched  this 
spectacle  for  about  five  minutes  the  trypanosome,  which 
had  so  far  penetrated  into  the  cell  as  far  as  the  middle  of 
its  body,  shot  suddenly  into  the  cell  and  stirred  up  the 
granular  cell-contents  by  its  lively  movements.  Since,  how- 
ever, the  cell  was  torn  on  the  opposite  side,  the  trypano- 
some soon  shot  out  of  the  cell  again."  Xoller  thus  confirms 
the  suggestions  we  made  in  our  preliminary  report  (1911} 
with  regard  to  the  probable  method  in  which  the  penetration 
of  the  cell  is  affected, 

We  have  frequently  seen  trypanosomes,  not  distinguish- 
able in  the  living  state  from  the  ordinary  type,  singly  within 
cells;  the  first  time  we  ever  discovered  the  trypanosomes 
within  the  cells  was  just  such  a  case,  a  single  trypanosome  of 
quite  ordinary  appearance,  wriggling  and  squirming  actively 
in  the  cytoplasm  of  an   epithelial   cell,  in  a  flea  which  had 
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beeu  fed  twelve  hours  previously  on  an  infected  rat.  Cai'eful 
examination  of  the  cell,  at  different  foci  of  the  microscope, 
convinced  us,  greatly  to  our  astonishment,  that  the  parasite 
was  really  within  the  cell  and  not  above  or  below  it.  This, 
and  other  observations,  repeated  subsequently  upon  trypano- 
somesof  ordinary  appearance,  contained  singly  within  epithe- 
lial cells,  suggest  that  the  trypanosomes  in  each  such  case 
had  but  recently  penetrated  into  the  cell ;  but  the  observation 
might  also  be  interpreted  to  mean  that  the  trypanosome  seen 
Avas  the  last  of  a  batch  produced  by  multiple  fission  within 
the  cell  from  which  its  sister-trypanosomes  had  already 
escaped.  In  the  latter  case,  however,  the  trypanosome 
would  probably  be  within  a  vacuole,  as  will  be  described 
presently. 

Observation  of  the  free  trypanosomes  in  the  living  state 
shows  that,  as  already  stated,  they  are  exti*emely  active,  but 
have  a  great  tendency  to  attach  themselves  by  the  tip  of  the 
flagellum  to  firm  objects ;  to  the  wall  of  the  stomach,  to 
pieces  of  debris,  even  to  the  glass  surface  of  the  slide  or 
coverslip  when  under  observation.  The  study  of  sections  of 
the  stomach  confirms  this  observation  in  an  unmistakable 
manner ;  many  trypanosomes  of  the  long,  stiff  type  are  seen 
in  the  sections  attached  to  the  epithelial  cells  by  their 
flagella.  The  attachment  is  not,  as  a  rule,  to  the  outer  pro- 
jecting ends  of  the  cells,  but  to  their  sides;  the  trypanosomes 
put  their  long  flagella  down  between  the  epithelial  cells  and 
often  adhere  to  the  cell  close  to  its  base ;  it  would  appear  as 
if  the  side  of  the  cell,  at  least  in  its  columnar  form,  is  its 
vulnerable  region.  A  still  more  striking  point  is  that  many 
of  these  trypanosomes  attached  to,  but  still  quite  outside  the 
cell,  have  already  assumed  the  recurved  form.  These  obser- 
vations make  it  very  probable  that  in  some  cases  the  trypano- 
some may  first  attach  itself  to  the  cell  by  its  flagellum  and 
then  bore  its  way  into  the  cytoplasm  in  some  way. 

Several  trypanosomes  may  penetrate  independently  into 
one  and  the  same  cell.  We  have  frequently  observed 
numbers  of  the  parasites,  from  five  or  six  up  to  a  dozen  or 
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more,  in  different  stages  of  multiplication^  side  by  side  in  a 
cell  botli  in  the  living  condition  and  in  sections  (PI.  38, 
figs.  112,  113;  PI.  39,  fig.  130).  The  parasites  lie  in  the 
cytoplasm  usually  in  a  distinct  vacuole,  produced,  apparently, 
by  the  liquefactive  action  of  the  parasite  on  the  cytoplasm  of 
the  host-cell.  The  trypanosomes  are  nearly  always  in  a  state 
of  movement,  a  point  to  which  we  shall  return  again.  It  is 
not  infrequent  to  observe  a  number  of  trypanosomes  in  the 
same  vacuole,  wriggling  actively  oue  over  the  other. 

The  infected  cell  may  become  reduced  simply  to  a  bag 
containing  fluid  m  which  large  numbers  of  trypanosomes, 
genei*ally  with  their  multiplication  completed  or  far  advanced, 
move  actively.  Such  cells  are  found  commonly  in  sections 
(Text-fig.  3)  ;  they  are  generally  thrown  off  fi-om  the  epi- 
thelium and  lie  quite  free  in  the  blood-debris,  sometimes 
even  in  the  centre  of  the  lumen  of  the  stomach;  nothing 
remains  of  the  cell-contents  except  a  thin  superficial  layer 
of  cytoplasm,  under  the  cell-membrane,  and  the  nucleus, 
adherent  usually  to  the  wall  at  some  point.  This  condition 
obviously  represents  the  last  stages  of  the  exhaustion  and 
death  of  the  cell,  from  which  the  trypanosomes  will  escape 
either  by  their  own  activity  or  by  disintegration  oE  the  cell. 
AYe  shall  consider  the  effects  produced  by  the  parasites  on 
the  cells  in  more  detail  subsequently;  at  present  it  will  be 
more  convenient  to  confine  our  attention  to  the  development 
of  the  trypanosomes  themselves. 

The  study  of  the  trypanosomes  in  the  living  cells,  checked 
by  tlie  examination  of  preserved  material,  permits  readily 
enough  of  the  recognition  of  a  number  of  well-marked  stages 
in  the  process  of  multiplication  : 

(1)  Trypanosomes  of  quite  ordinary  appearance,  which 
have  apparently  but  recently  penetrated  into  the  cell,  as 
already  described. 

(2)  Pear-shaped  forms,  with  the  flagellum  continuing  the 
stalk  of  the  pear;  the  body  of  the  pear  is  distinctly  flattened, 
and  therefore  presents  a  contour  which  differs  according  as 
it  is  seen  from  the  edge  or  from  the  flattened  surface ;  as  the 
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parasite  is  in  constant  motion  within  the  cell  it  presents  con- 
tinually different  views  to  the  observer.  The  body  of  the 
parasite  also  shows  in  life  incessant  "metabolic"  changes  of 
form,  movements  of  an  active  protoplasmic  body  imperfectly 
restrained  by  the  thin,  yielding  envelope  or  periplast.  It  is 
verv  easy  to  see  in  the  living  condition  that  these  pear-shaped 
forms  are  produced  by  the  body  of  the  trypanosome  being 
doubled  upon  itself,  an  interpretation  confirmed  by  the 
examination  of  preserved  specimens.  When  the  stomach  is 
teased  up  and  examined  fresh,  many  of  the  recurved  pear- 
shaped  forms  are  found  swimming  freely,  with  the  flagellum 
forward,  in  the  salt-citrate  solution  used  in  the  dissection. 
If  such  a  form  be  watched  attentively,  it  is  often  seen  to 
uncurl  itself,  straightening  out  the  body  and  thus  passing 
from  the  pear-shaped  form  to  that  of  an  ordinary  trypano- 
some. In  some  cases  a  trypanosome  which  had  been  seen  to 
unbend  itself  in  this  manner  can  be  observed  to  curl  up 
again,  while  swimming  freely,  and  thus  to  assume  or  to  lose 
the  pear-shaped  form  several  times  in  succession. 

In  the  fixed  and  stained  preparations  it  is  seen  that  the 
trypanosome  is  bent  upon  itself  in  such  a  way  that  the 
posterior  part  of  the  body,  containing  the  kinetouucleus,  is 
closely  applied  to  the  anterior  half  of  the  body.  Thus  a  pear- 
shaped  body  results  in  which  N  is  lodged  in  the  thickest  part 
of  the  pear,  at  (PI.  36,  fig.  15)  or  near  (fig.  13)  the  blunt  end 
of  the  body;  while  n  is  usually  well  in  front  of  N,  that  is  to 
say,  nearer  to  the  pointed  end  of  the  body  (PI.  37,  fig.  70). 
In  some  cases,  however,  n  is  close  beside  N  (figs.  13-17),  or 
even,  exceptionally,  behind  N  (fig.  16).  The  variations  in 
the  positions  of  n  and  N  are  easily  explained  by  their 
variability  in  this  respect,  already  described,  in  the  free 
trypanosomes,  on  the  one  hand,  and  on  the  other  by  varia- 
tions in  the  exact  region  of  the  body  at  which  the  bending 
takes  place.  As  a  general  rule,  the  body  appears  to  be  bent 
between  n  and  N,  so  that  N  lies  a  little  Avay  from  the  extreme 
posterior  end  and  n  in  front  of  it  (tigs.  13,  17);  but  the  point 
of  gi'eatest  curvature  may  be  in  the  region  of  N,  which  is 
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then  at  the  hindermost  extremity  of  the  body  (fig.  15),  or 
even  in  the  region  of  n,  which  is  then  at  the  extreme  blunt 
end  (fig.  16).  In  exceptional  cases  the  bending  takes  place 
in  front  of  N.  In  all  cases  the  flagellum  runs  backwards 
along  one  side  of  the  body,  round  the  blunt  posterior  end,  and 
forward,  for  a  variable  distance,  to  the  basal  granule  or  true 
blepharoplast  situated  close  beside  n.  Thus  the  course  of 
the  flagellum,  as  a  whole,  may  be  compared  to  the  letter  U 
modified  by  making  one  arm  of  the  letter  much  longer  than 
the  other. 

In  some  cases  the  distinction  between  the  two  limbs  of  the 
recurved  body  can  be  seeu  plainly  in  the  fixed  specimens 
(PI.  36,  fig,  15  ;  PI.  37,  fig.  70),  but  in  other  cases  no  line  of 
demarcation  can  be  made  out,  and  the  applied  portions  of  the 
body  appear  to  have  formed  completely  into  a  compact  pear- 
shaped  mass,  leading  on  to  the  stage  next  to  be  described. 

The  recurved  forms  differ  remarkably  in  size,  and  from 
a  comparison  of  these  forms  with  one  another,  with  the  free 
trypanosomes,  and  with  later  stages  of  the  intracellular 
development,  there  can  be  no  doubt  that  the  initial  stages  of 
the  life  of  the  trypanosomes  within  the  cells  is  accompanied 
by  a  pronounced  diminution  in  the  size  of  the  flagellates  (see 
especially  PI.  36,  figs.  13-17,  and  compare  them  with  figs.  1-10 
of  free  trypanosomes,  and  figs.  21-34  of  later  stages,  on  the 
same  plate).  How  this  shrinkage  takes  place  it  is  difficult  to 
say ;  probably  the  cytoplasm  of  the  flagellate  gives  up  a 
large  amount  of  watery  fluid  and  so  diminishes  in  bulk, 
while  becoming  at  the  same  time  correspondingly  denser  in 
texture,  a  change  which  would  account  for  the  intensity  with 
which  the  intracellular  forms  take  up  the  stain  and  the 
consequent  opacity  which  they  acquire,  as  already  noted.  It 
is  necessary,  however,  to  exercise  caution  in  estimating  the 
size  of  the  forms  in  preparations,  since  there  is  no  doubt  that 
they  vary  owing  to  differences  in  fixation.  Thus,  PI.  36, 
fig.  14  shows  a  specimen  from  the  same  slide  as  fig.  13,  but 
the  former  is  from  a  part  of  the  film  which  appeared  to  have 
dried  before  it  was  exposed  to  the  action  of  theosmic  vapour; 
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its  large  size,  light  colour  and  the  elongation  of  N  are  all 
■indications  that  the  soft  body  had  become  flattened  out  by 
being  dried  before  fixation.  The  specimens  may  also  become 
deformed  in  other  ways ;  PI,  37,  fig.  72  is  probably  to  be 
explained  as  representing  a  recurved  form  in  which  the 
flagellum  has  become  torn  away  from  the  side  of  the  body 
and  so  projects  freely  from  the  rounded  posterior  end. 

We  were  at  first  under  the  impression  that  the  pear-shaped, 
recurved  trypauosomes  found  free  in  teased-up  stomachs 
examined  fresh  Avere  forms  that  had  been  originally  intra- 
cellular and  had  been  set  free  by  rupture  of  their  host-cells. 
As  stated  above,  however,  examination  of  sections  proved 
that  these  recurved  forms  may  be  extracellular  in  occurrence, 
attached  to  the  epithelial  cells  or  even  free  from  them.  It  is 
evident,  therefore,  that  the  recurved  foi'm  is  not  simply  an 
adaptation  to  life  within  the  confined  limits  of  the  cell. 

(3)  Forms  with  rounded  or  oval  body,  derived  from  the 
pear-shaped  recurved  forms  by  a  further  contraction  and  roll- 
ing up  of  the  body  ;  these  are  the  forms  which  we  described 
in  our  preliminary  account  as  "block-like"  since  the  body 
often  shows  during  life  irregular  contours,  changing  con- 
tinually owing  to  the  active  metabolic  movement.  The 
flagellum,  which  runs  in  a  U-shaped  course  in  the  recurved 
forms,  acquires  now  an  additional  bend  (compare  especially 
Text-fig.  23,  p.  635,  h  and  i;  it  usually  runs  round  the  outercon- 
tour  of  the  rounded  body  and  protrudes  from  it  to  a  variable 
extent.  In  some  cases  a  very  considerable  length  of  the 
flagellum  is  free  (PI.  37,  figs.  77,  78),  in  other  cases  a  very  little 
(PI.  36,  fig.  28  ;  PI.  37,  fig.  82),  while  in  other  cases  again  the 
flagellum  is  simply  wrapped  closely  round  the  body  (PI.  36, 
figs.  29,  30,  35  ;  PI.  37,  figs.  81,  84).  The  extreme  length  of 
the  free  flagellum  seen  in  PI.  37,  fig.  76  is  possibly  due  in 
part  to  its  having  become  artificially  detached  from  the  body 
in  the  process  of  making  the  smear. 

The  data  in  the  foregoing  paragraph  have  been  obtained 
chiefly  from  the  study  of  preserved  specimens.  In  the  living 
condition  this  stage  appears  as  a  small,  rounded  or  oval  body 
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within  the  cell,  usually  in  motion  and  showing  a  dii?tinct 
flagellum.  Sometimes,  however,  these  bodies  are  quite 
motionless  with  no  flag-ellum  visible.  In  our  preliminary 
communication  (1911),  we  were  unable  to  decide  whether 
a  flagellum  was  always  present,  and  were  prejjared  to  admit 
that  in  some  cases  this  stage  might  be  a  non-flagellated 
leishmania-like  form.  We  had  observed  in  one  case  that  a 
body  which  had  been  for  some  time  quiet  and  motionless 
within  the  host-cell  became  suddenly  active,  showing  a  dis- 
tinct flagellum.  In  all  our  permanent  preparations,  however, 
whenever  flagella  can  be  made  out  in  the  other  stages  or  in 
the  free  trypanosomes,  they  can  be  seen  to  be  invariably 
present  at  this  stage  also,  and  there  can  be  no  doubt  that  the 
motionless  forms  are  those  in  wdiich  the  flagellum  is  Avrapped 
round  the  body.  We  are  now  convinced  that  non-flagellated 
leishmanial  forms  do  not  occur.  We  have  the  impression 
that  the  rolled-up  trypanosome  can  wrap  its  flagellum  round 
the  body  and  pass  into  a  resting,  quiescent  condition  for 
a  time,  after  which  it  can  become  active  again  by  un- 
curling and  setting  free  its  flagellum,  or  at  least  a  certain 
length  of  it,  probably  never  quite  the  whole  length. 

The  body  in  this  stage,  as  in  the  last,  is  actively  metabolic, 
with  constantly  changing  contours  in  life.  When  the  rounded 
forms  are  set  free  by  rupture  of  the  host-cell  they  swim 
actively  in  the  liquid,  progressing  with  the  flagellum  directed 
forwards ;  they  then  resemble  ordinary  flagellate  monads, 
and  the  observer  might  easily  have  the  impression  that  he 
was  watching  some  intruding  flagellate  derived  from  contami- 
nation of  the  salt-solution  or  from  some  extraneous  source. 

In  a  few  rare  instances  the  rolled-up  forms  have  been 
found  in  preparations  to  exhibit  a  central  perforation  or 
fenestration  (PI.  36,  figs.  24,  30,  34),  evidently  produced  by 
the  trypanosome  curling  itself  round  so  as  to  leave  a  central 
space.  This  condition,  when  it  occurs,  is  probably  quite 
transitory,  the  plastic  cell-body  of  the  trypanosome  fusing 
into  a  compact  lump  sooner  or  later. 

It  seems  probable  that  some  of  the  rolled-up  forms  degene- 
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rate  at  this  stage  and  ai'e  absorbed  ;  that  is,  at  least,  tlie 
only  explanation  we  are  able  to  offer  for  sucli  minute  forms 
as  those  shown  in  PI.  36,  figs.  43-45,  which  appear  to  be 
undergfoino"  degreneration. 

o  r^  o 

The  smallest  of  the  rounded  forms  have  each  a  single  kine- 
tonucleus,  trophonucleus  and  flagellum.      Now  they  begin  to 
grow  in  size,  with  concomitant  multiplication  of  their  nuclei 
and  formation  of    dauofhter-flaofella.     The  division  of  these 
various  parts   appears  to  go  on   much  as  in   other  trypano- 
somes,  independently,  but  more  or  less  synchronously.     The 
division  of  n  may  be  slightly   in   advance   of   that  of  N,  or 
slightly  after  it :  thus,   stages  are  found  in  which  n  and  N 
appear  to  be  both  in  the  same  stage  of  division  (PI.  37,  fig.  79)  ; 
or  in  which  N  appears  to  be  in  advance  of  n  (PI.  36,  figs.  28 
and  37) ;  or  with  two  distinct  nn  and  iV  still  in  division  (PI.  37, 
figs.  80,  82)  ;  or  finally  with  n  and  N  both  completely  divided 
(PI.  36,  figs.  33,  36).     The  division  of  n  is  dependent  on,  or 
connected  with,  that  of  the  basal  granule  or  true  blepharo- 
plast,  which  may  be  regarded  as  representing  the  centriole 
or  division-centre  for  n.     The  original    flagellum   does    not 
divide,  however,  but  remains  attached  to  one  of  the  daughter- 
blepharoplasts,  from  which  it  arises  in  close  proximity  to  one 
of  the  daughter  nn;  and  from  the  other  blepharoplast  a  new 
flagellum  grows  out,  at  first  a  very  fine  and  delicate  structure 
and  consequently  very  difficult  to  make  out  clearly  or  with 
certainty  in  the  opaque  body.     In  many  cases  in  which  n  is 
divided  completely  no  second  flagellum  can  be  seen,  but  it 
would   not   be   safe,   in   view  of  the  difficulties  of  technique 
presented  by  these  objects,  to  conclude  in  all  such  cases  that 
the  formation  of  the  new  flagellum  had  not  begun,  since  in 
other  cases  a  very  delicate  line  can  be  seen  plainly  growing 
out  from  the  daughter-blepharoplast — that  is   to   say,  from 
the  blepharoplast  other  than  that   from  which   the  original 
flagellum  arises  (PL  37,  figs.  79-81 ).     As  a  rule  the  daughter- 
flagella  can  be   made  out  in  the  preparations  stained  with 
iron-hsematoxylin,   but    not    in    those    stained  by    Giemsa's 
method ;  in  the  latter  case,  as  already  mentioned,  the  body 
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usually  stains  so  intensely  as  to  obscure  completely  the 
delicate  daughter-flagella,  which,  are  imbedded  in  the  mass 
of  the  cytoplasm,  while  the  original  flagellum  runs  for  the 
most  part  on  the  exterior  of  the  body ;  and  if  the  stain  be 
extracted  sufficiently  to  make  the  body  clear,  it  comes  out  of 
the  growing  fiagella  and  leaves  them  invisible. 

We  may  infer,  therefore,  that  as  the  division  of  the  nuclei 
proceeds  the  formation  and  growth  of  new  flagella  follow 
hard  upon  the  division  of  the  blepharoplast  and  kinetonucleus, 
and  that  a  new  flagellum  grows  out  from  each  blepharoplast, 
in  close  proximity  to  n,  quite  independently  of  the  original  or 
parent  flagellum,  which  remains  unaltered. 

As  a  general  rule  the  multiplication  of  the  nuclei  begins  at 
the  rolled-up  stage,  but  this  rule  is  by  no  means  invariable. 
Sometimes  the  nuclei  are  found,  to  have  multiplied  even 
before  the  trvpauosome  has  taken  on  the  recurved  form 
(PL  36,  figs,  18-20).  Such  forms  might  possibly  be  specimens 
which,  after  becoming  recurved,  have  straightened  themselves 
out  again,  but  their  appearance  is  that  of  trypanosomes  in 
which  nuclear  multiplication  has  begun  before  change  of 
body-form.  Attention  must  also  be  drawn  to  the  peculiar 
elongated  forms  with  2  nn  and  2  NN,  such  as  PL  36,  figs. 
21-23 ;  PL  37,  fig.  74.  At  one  time  we  were  inclined  to  sus- 
pect that  these  forms,  and  also  the  unaltered  trypanosomes 
with  2  1171  and  2  NN,  might  be  examples  of  fusion  instead  of 
multiplication  (see  below,  p.  604)  j  but  we  could  find  no  definite 
evidence  of  there  being  fusions  of  two  trypanosomes,  and  the 
fact  that  forms  occur  with  3  nti  and  3  NN  (fig.  18,  pi.  36) 
makes  it  more  probable  that  they  are  early  stages  of  multi- 
plication. On  the  other  hand  the  possibility  cannot  be 
excluded  that  in  some  cases  accidental  and  purely  plasto- 
gamic  (non-sexual)  fusion  of  intracellular  stages  may  occur, 
and  that  such  fusions  may  explain  the  enormous  size  of  some 
of  the  spheres  and  later  stages  of  multiplication  (PL  36, 
fig.  42). 

The  multiplication  of  the  nuclei  proceeds  apace,  and  the 
duplication  of  n  and  iVis  followed  by  a   stage  in  which   the 
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body  contains  3  nu  and  3  NN  {F\.  36,  fig.  40 ^  ;  PI.  37,  fig.  84). 
This  stage,  which  is  of  common  occurrence,  indicates  that 
after  the  first  division  of  n  and  N  one  of  the  daughter-nuclei 
in  each  case  remains  undivided,  while  the  other  divides  again. 
This  interpretation  is  supported  by  fig.  39,  showing  a  specimen 
containing  3  nn  and  2  NN,  one  of  the  latter  being  in  process 
of  division.  A  later  stage  is  seen  in  fig.  38,  in  which  both 
n  and  N  have  multiplied  to  four  in  number.  The  further 
stages  of  multiplication  are  not  easy  to  follow  in  detail 
owing  to  the  difl&culty  of  making  clear  in  one  and  the  same 
specimen  the  n7i,  NN,  and  flagella,  but  fi-om  a  study  of  various 
pi'eparations  there  appears  to  be  no  reason  to  doubt  that  the 
nn  and  NN  maintain  their  parallelism  in  division,  and  con- 
sequent equality  of  numbers,  and  that  as  the  nn,  or,  to  be 
more  accurate,  their  blepharoplasts,  divide,  they  continue  to 
give  rise  to  new  flagella.  Since  the  blepharoplasts  are  of 
different  figes,  as  the  result  of  successive  divisions,  the 
daughter-flagella  given  off  from  them  are  ot"  different  lengths  j 
the  original  or  parent  flagellum  remains,  however,  distinct 
and  recognisable,  both  by  its  length,  its  superficial  position, 
and  the  sharpness  with  which  it  stains  (PI.  37,  fig.  92,  etc.). 
In  some  cases  the  daughter-flagella  also  project  freely  from 
the  surface  of  the  body.  This  fact  was  observed  in  a  living 
specimen,  in  which  two  small  flagella  were  seen  in  addition  to 
the  principal  flagellum,  but  it  appeared  to  be  a  temporary 
condition,  since  later  on  only  the  principal  flagellum  could  be 
seen,  and  still  later  that  also  disappeared.  In  one  of  our 
preparations  also  three  daughter-flagella  are  seen  in  addition 
to  the  main  flagellum,  but  unfortunately  the  specimen  was  so 
opaque  that  no  details  of  internal  structure,  except  the  nuclei, 
could  be  made  out. 

With  the  growth  in  size  and  the  multiplication  of  the 
nuclei  the  'Mjlock-like  "  stages  pass  by  insensible  gradations 

1  The  specimen  shown  in  fig.  40  appears  to  have  become  dried  and 
flattened  out  before  fixation ;  its  size  is  altogether  abnormal  for  this 
stage ;  compare  fig.  38.  Fig.  26,  PI.  36,  also  abnormally  large,  is  fi-om 
the  same  slide  as  fig.  40. 
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into  :  (4)  The  "  spheres/'  a  term  used  by  us  to  denote  the 
final  stages  of  tlie  intracellular  multiplication.  They  appear 
in  the  fresh  preparation  as  relatively  large  masses,  more  or 
less  spherical  in  form,  within  the  cytoplasm  of  the  epithelial 
cells;  they  can  be  distinguished  generally  as  "tailed"  and 
"  tail-less.''  At  the  very  last  the  tail  disappears  in  all  cases, 
but  this  appendage,  though  commonly  present  in  stages  not 
full  grown,  sometimes  cannot  be  made  out  in  specimens  that 
do  not  appear  to  be  mature.  A  comparison  of  fixed  prepara- 
tions and  a  consideration  of  facts  already  discussed  in 
describing  the  "  block-like  "  stage  leaves  no  doubt  but  that 
the  tail-less  spheres  are  derived  from  those  earlier  stages 
which  have  the  original  flagelluni  wrapped  round  the  body, 
the  tailed  spheres  from  those  which  have  the  flagellum  free. 
It  is,  however,  evident  even  in  the  living  state  that  the  tail 
represents  more  than  the  original  flagellum,  since  it  is  often 
of  considerable  thickness  at  the  base  and  tapei-s  gradually 
to  a  point.  Examination  of  stained  preparations  shows  that 
the  tail  represents  in  early  stages  the  anterior  end  of  the 
body,  with  the  flagellum,  of  the  original  trypanosome  (PI.  36, 
figs.  37,  39;  PI.  38,  fig.  110);  and  that  in  later  stages  the 
daughter-flagella  may  grow  out  parallel  to  the  original 
flagellum,  and  so  contribute  to  the  formation  of  the  tail 
(PL  37,  fig.  86;  PI.  38,  figs.  108,  111).  But  in  other  cases  the 
anterior  end  of  the  original  trypanosome  may  be  retracted 
into  the  main  mass  of  the  sphere,  round  which  the  flagellum 
is  wrapped  more  or  less  completely;  the  sphere  then  either 
has  no  tail  (PI.  37,  figs.  90-94)  or,  if  a  tail  is  present,  it 
represents  the  flagellum  alone  (figs.  95,  110). 

The  appearance  and  behaviour  of  the  spheres  in  the  living 
condition  have  been  described  by  us  in  our  preliminary  com- 
munication. They  are  in  a  state  of  incessant  movement, 
due  both  to  the  activity  of  the  flagellum  or  tail,  when 
present,  and  to  internal  commotions.  The  movements  of 
the  flagellum  cause  them  to  rotate  within  the  cell  in  a 
jerky,  irregular  manner.  When  there  are  several  spheres 
within  one  cell  they  can  be  seen  to  push  and  bump  against 


536  E.   A.    MINCHIN   AND   J.   D.   THOMSON. 

the  cell-nucleus  or  against  one  another,  the  impact  of  one 
sphere  causing  a  movement  in  another,  which  shows  that  they 
come  into  actual  contact.  Internal  causes  of  movement  are 
the  metabolic  form-change,  already  described,  in  the  earlier 
stages,  and  movements  due  to  the  independent  motility  of 
the  daughter-trypanosomes  in  the  ripe  spheres. 

Even  in  the  living  condition  it  is  not  diflScult  to  make  out 
that  a  process  of  multiplication  is  going  on  within  the  sphere. 
First  the  nuclei  and  flagella  can  be  seen  to  have  multiplied, 
though  the  details  of  the  process  are  naturally  not  clear  in 
the  living  specimen.  Later  it  is  seen  that  the  whole  contents 
of  the  sphere  have  divided  up  into  a  number  of  distinct 
daughter-trypanosomes,  which  are  seen  writhing  and  twisting 
over  each  other  within  the  enveloping  periplast  like  a  bunch 
of  eels  in  a  sack.  The  independent  movements  of  the  con- 
tained trypanosomes  make  their  separate  individuality  clearer 
in  the  living  state  than  in  the  preserved  specimen.  After 
the  daughter-trypanosomes  have  become  fully  distinct  and 
separate  from  one  another  a  number  of  changes  are  seen  in 
the  sphere.  The  tail,  if  it  was  present,  disappears,  and  the 
body  acquires  a  perfectly  spherical  contour;  this  can  only 
mean  that  the  original  flagellum,  distinct  from  the  beginning, 
has  been  drawn  into  the  sphere  and  taken  over  by  one  of  the 
sister-trypanosomes  resulting  from  the  process  of  multiplica- 
tion. The  metabolic  form-changes,  so  marked  a  feature  of 
the  earlier  stages,  now  cease,  and  the  sphere  shows  only  slight 
oscillating  or  trembling  movements,  due  to  the  activity  of  the 
contained  trypanosomes,  moving  restlessly  within  the  com- 
paratively tense  envelope  of  the  sphere,  representing  the 
periplast  of  the  original  trypanosome. 

As  the  final  moment  approaches,  the  envelope  of  the  sphere 
becomes  more  tense  and  rigid,  its  outline  in  optical  section 
ever  more  nearly  a  perfect  circle,  until  it  bursts  suddenly, 
setting  free  the  contained  trypanosomes.  If  the  sphere 
bursts  in  its  normal  situation,  that  is  to  say  within  the 
cytoplasm  of  the  host-cell,  the  liberated  trypanosomes  are 
seen  moving  actively  for  some  time  in  the  cell,  from  which 
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they  escape  one  by  one,  passing  out  into  the  lumen  of  the 
stomach.  But  in  the  examination  of  stomachs  freshly  teased 
up,  it  is  common  to  find  spheres  set  free  by  the  rupture  of 
their  host-cells.  The  spheres  can  then  be  seen  to  burst  with 
such  suddenness  that  they  appear  to  explode  ;  the  impression 
given  by  the  eye  disappoints  the  ear,  which  misses  the 
almost-expected  report  of  the  explosion;  the  trypanosomes 
set  free  scatter  in  all  directions. 

In  one  case  a  single  cell  was  observed  to  contain  thi-ee 
spheres,  which  were  seen  to  burst  successively;  first  one,  then 
another,  and  then  the  third  became  resolved  into  free  try- 
panosomes until  the  cell  was  full  of  active  trypanosomes 
which  appeared  to  be  wriggling  in  a  clear  fluid.  The  cell 
retained  at  first  its  contours,  but  was  apparently  reduced  to 
a  spherical  envelope,  with  no  nucleus  visible.  Soon  after  the 
last  sphere  had  become  resolved  the  trypanosomes  were  seen 
to  be  escaping  from  a  small  area  of  the  cell-wall,  which  then 
collapsed  slightly ;  all  the  trypanosomes  eventually  found 
their  way  out  at  this  part  of  the  cell  and  swam  off.  In 
another  case  we  timed  our  observations  of  a  sphere  and 
recorded  the  events  in  chronological  order.  It  is  not 
necessary  to  repeat  the  data  already  published,  but  they  may 
be  summarized  as  follows  :  A  full-grown  sphere  was  seen 
within  a  cell,  moving  and  rotating  by  means  of  its  flagellum, 
which  was  distinctly  visible,  and  also  exhibiting  active 
metabolic  form-changes;  tAventy-three  minutes  after  it  was 
first  seen  both  the  rotatory  and  the  metabolic  movements 
became  much  slower,  and  one  minute  later  they  ceased 
altogether,  the  alterations  in  the  contour  being  slight,  and 
due  apparently  to  the  very  active  movements  of  the  contained 
trypanosomes;  the  flagellum  had  disappeared  completely  from 
view  ;  the  contour  of  the  sphere  then  became  very  tense  and 
rigid,  and  it  burst  after  having  been  watched  for  twenty- 
eight  and  half  minutes,  or  about  five  minutes  after  the 
disappearance  from  view  of  the  flagellum  and  the  cessation 
of  the  metabolic  movements. 

The  trypanosomes  set  free  are  the  long  free  stomach-type 
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already  described^  characterised  by  their  great  length,  their 
stiff,  crithidiomorphic  form,  aud  the  more  or  less  pronounced 
tendency  to  approximation  of  their  two  nuclei.  The  number 
produced  in  a  sphere  seems  to  vary  considerably  in  different 
cases.  We  have  attempted  to  count  those  which  we  have 
actually  seen  liberated  within  cells  by  bursting  of  spheres, 
and  came  to  the  conclasion  that  about  eight  was  the  usual 
number  of  trypanosomes  produced.  It  is^  however,  very  difl5- 
culb  to  count  accurately  a  number  of  trypanosomes  which  are 
at  different  levels  in  the  cell,  and,  therefore,  not  all  in  focus 
at  the  same  moment,  and  which  at  the  same  time  are  moving 
actively  and  changing  their  position.  Moreover,  the  full- 
grown,  tense  spheres,  which  can  be  observed  to  burst,  differ 
so  greatly  in  size  that  there  can  be  no  doubt  that  the  con- 
tained trypanosomes  must  vary  considei-ably  in  number,  and 
that  if  the  average  capacity  of  a  sphere  be  eight  trypano- 
somes, some  spheres  must  liberate  not  more  than  four,  others, 
perhaps  twelve  or  sixteen,  when  they  burst.  These  conclu- 
sions are  confirmed  by  a  study  of  fixed  preparations;  in  the 
large  spheres  we  find  8  (PI.  37,  fig.  86),  10  (PI.  37, 
fig.  96),  13  (PI.  36,  fig.  41),  and  14  or  15  (PI.  37,  fig.  94, 
and  PI.  36,  fig.  42)  nu  and  NN.  From  the  results  of 
counting  the  nuclei  in  a  number  o£  preparations,  the 
most  frequent  number  of  nn  in  the  largest  spheres  would 
appear  to  be  10 nn;  the  number  of  iVTV  cannot  always  be 
made  out,  but  where  they  can  be  seen  their  numbers  are 
equal  to,  or  slightly  less  than,  those  of  the  nu,  indicating  tliat 
the  nn  divide  a  little  in  advance  of  the  NN.  On  the  other 
hand,  some  spheres  with  but  few  nuclei  appear  to  be  neai'ly 
mature,  having  daughter-flagella  so  long  that  the  nuclear 
division  must  have  become  much  retarded,  or  perhaps  ended 
altogether  (PI.  36,  fig.  40,  and  PI.  37,  fig.  95).  The  perma- 
nent preparations  confirm,  therefore,  the  conclusion  that 
while  the  number  of  trypanosomes  produced  is  commonly 
eight  or  ten,  it  may  be  less,  or  as  many  as  fourteen  or  more. 
The  intracellular  growth  and  multiplication  of  the  trypano- 
some  must  depend  on  an  interaction  between  the  host-cell  and 
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parasite,  each  a  variable  factor,  and  it  is,  therefore,  not  sur- 
prising if  the  result  varies  in  different  cases.  Moreover, 
when  a  cell  contains  several  parasites  in  different  stages  of 
multiplication,  the  cell  may  become  exhausted  before  the 
younger  individuals  have  time  to  grow  to  their  full  size. 

The  length  of  time  required  for  a  complete  generation  of 
intracellular  multiplication  is  a  point  we  have  been  unable 
to  determine,  as  it  is  impossible  to  keep  the  living  object 
alive  under  observation  long  enough.  Moreover,  the  living 
trypanosomes  in  teased-up  stomachs  soon  become  abnormal, 
however  carefully  sealed  up  between  slide  and  cover-slip,  so 
that  no  data  derived  from  direct  observation  of  this  kind 
could  be  entirely  reliable.  Until  physicists  and  opticians 
have  invented  some  method  whereby  the  epithelial  cells  of  the 
flea's  stomach  can  be  focussed  under  high  magnification 
without  dissecting  or  injuring  the  flea,  it  will  not  be  possible 
to  give  a  direct  answer  to  such  questions.  Our  observations 
cited  above  show  that  barely  five  minutes  are  required  for  a 
sphere  to  burst  after  the  multiplication  is  complete,  but  that 
gives  no  clue  to  the  length  of  time  required  for  the  growth 
and  multiplication  of  the  original  trypanosome  after  it  has 
penetrated  the  cell.  From  the  fact,  already  noted,  that  the 
earliest  intracellular  stages  were  found  by  us  about  eight 
hours,  and  the  earliest  trypanosomes  of  the  long  stomach-type 
about  twelve  hours,  after  the  flea  had  fed  on  an  infected  rat, 
it  might  be  inferred  that  an  intracellular  generation  required 
about  four  hours,  but  this  computation  cannot  claim  to  possess 
any  exactness. 

It  is  also  not  possible  to  state  how  many  successive  genera- 
tions of  multiplication  take  place  in  the  flea's  stomach. 
Koller  states  that  at  least  two  such  generations,  probably 
more,  succeed  each  other.  From  the  fact  (to  be  described  in 
more  detail  below)  that  the  stomach-phase  may  be  ended  in 
some  cases  in  eighteen  hours,  and  in  other  cases  may  persist 
for  four  or  even  five  days  in  unfed  fleas  (see  above),  it  is 
evident  that  the  number  of  generations  of  intracellular  multi- 
plication in  the  stomach  must  be  a  highly  variable  quantity. 
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The  foregoing  account  of  the  stomach-phase  has  been  based 
almost  entirely  upon  the  study  of  the  trypanosomes  in  the 
living  condition  and  in  smears.  It  was,  in  fact,  all  written, 
except  for  a  few  subsequent  additions,  before  we  had  studied 
any  sections.  It  remains  now  to  supplement  the  description 
given  above  with  the  additional  data  furnished  by  the  study 
of  sections  of  the  stomach,  whereby  a  much  more  exact  idea 
can  be  obtained  of  the  relations  of  the  trypanosome  to  the 
epithelium  of  the  stomach. 

When  sections  through  a  well-infected  stomach  are 
examined  the  trypanosomes  are  found  usually  to  be  both 
intracellular  and  extracellular  in  occurrence;  that  is  to  say, 
both  free  in  the  lumen  of  the  stomach  and  contained  within 
the  cells  of  the  epithelium.  The  extracellular  trypanosomes 
occupy  two  diiierent  positions,  speaking  genei'ally  :  they  may 
be  scattered  throughout  the  blood-debris,  including  its 
most  axial  region,  or  they  may  be  found  only  along  the 
periphery  of  the  sections,  close  to  the  epithelium  and  very 
often  attached  to  it  by  the  tip  of  the  flagellum. 

There  can  be  no  doubt  that  the  trypanosomes  found 
scattered  through  the  central  part  of  the  blood-debris  are 
for  the  most  part  forms  in  process  of  migration  towards  the 
rectum,  their  stomach-phase  having  been  completed,  but  not 
all  of  them  are  to  be  interpreted  in  this  way,  since  in  many 
cases  they  are  seen  to  be  in  clumps  connected  together  by 
the  tips  of  their  flagella,  and  are  obviously  degenerative 
forms.  In  many  cases  also  an  infected  epithelial  cell  is 
thrown  off  into  the  lumen,  and  may  be  seen  there,  crammed 
with  trypanosomes,  the  product  of  the  intracellular  multipli- 
cation, which  break  out  of  the  exhausted  cell,  and  may 
possibly  find  their  way  into  other  epithelial  cells  again. 
The  cell  itself  may  become  reduced  to  a  mere  sac  containing 
fluid,  in  which  a  huge  number  of  trypanosomes  are  squirm- 
ino-  over  one  another  (Text-fig.  3).  If  any  of  the  proto- 
plasm of  the  cell  still  survives  it  may  contain  a  few  spheres 
and  other  multiplication-stages.  But  that  the  forms  free  in 
the  debris  are  for  the  most  part  migratory  forms  is  indicated 


THE    EAT-TRTPAXOSOME,    TRYPANOSOMA    LEWISI.        541 

by  the  fact  that  they  occur  with  greater  frequency  towards 
the  pyloric  end  of  the  stomach  and  sometimes  only  in  this 
region,  which  may  swarm  with  them,  and  in  such  cases  they 
are  always  to  be  found  in  the  intestine  also. 

Text-fig.  3. 
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Exhausted  cells  containing  intracellular  stages  of  the  trypano- 
some,  from  sections  through  the  stomach  of  a  flea  thirty-six 

4000 
hours  after  the  infective  feed,  x  — o"  .    («)  A  cell  in  process  of 

being  pushed  oif  from  the  epithelium  ;  the  indented  outline  of 
the  lower  edge  shows  where  it  was  in  contact  with  epithelial 
cells  in  situ.  The  cell  is  reduced  for  the  most  part  to  a  sac  of 
fluid,  in  which  trypanosomes  are  swimming,  but  round  the 
edge  some  of  the  cytoplasm  still  remains,  and  in  it  are  seen  a 
few  multiplication-stages  (sph.).  and  also  a  few  coarse  black 
grains  of  fatty  nature.  The  nucleus  of  the  cell  comes  in  another 
section,  (h)  A  cell  completely  detached  from  the  epithelium, 
the  cytoplasm  reduced  to  a  few  irregular  strands  and  con- 
taining :  (1)  the  nucleus  at  the  centre  ;  (2)  a  sphere  to  the  right 
of  it;  (3)  some  coarse  fat-gi-ains,  some  of  which  have  been 
exti-uded  into  the  blood-debris. 
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Ou  the  othei"  hand  the  trypanosomes  that  occur  in  close 
proximity  to  the  epithelium  are  for  the  most  part  forms  about 
to  attack  it,  as  shown  b}^  the  fact  that  many  of  them  are 
actually  attached  to  the  cells,  and  also  by  the  frequency,  it 
might  almost  be  said  the  predominance,  of  the  recurved 
form  in  this  situation  ;  at  any  rate,  most,  though  by  no  means 
all,  of  those  that  are  actually  attached  to  the  cells  are  recurved 
(PI.  38,  figs.  104,  105;  PI.  89,  figs.  120-124).  A  certain 
number  of  recurved  forms  are  also  found,  however,  quite 
free  from  the  epithelium,  though  close  to  it  (PI.  39,  figs.  118, 
119).  The  question  at  once  suggests  itself  whether  that 
represents  the  state  of  things  as  it  was  in  life.  It  is  impossible 
to  extract  a  stomach  fi-om  a  flea  without  doing  a  certain 
amouut  of  violence  to  it;  and  it  is  quite  conceivable  that  the 
stresses  and  strains  to  which  the  wall  of  the  stomach  is  sub- 
jected in  pulling  it  out  of  the  flea's  carcase  might  well  cause 
trypanosomes,  previously  attached,  to  become  detached  from 
the  cells.  We  can  but  take  the  evidence  as  it  is  presented 
to  us  in  our  preparations,  however,  where  we  find  that  some 
of  the  attached  trypanosomes  are  recurved  and  some  not, 
and  that  some  of  the  recurved  forms  are  quite  free  from, 
though  always  close  to,  the  epithelium.  It  would  follow 
from  these  observations  that  in  some  cases  the  ti-ypanosome 
assumes  the  recurved  form  after,  in  other  cases  before, 
attaching  itself  to  the  epithelial  cell. 

The  attachment  of  the  trypanosomes  to  the  cells  is  peculiar  ; 
they  are  seldom  attached  to  the  extreme  apex  of  the  epithelial 
cell,  but  usually  to  its  side  (PI.  39,  figs.  121-124).  The  long 
flagellum  runs  down  in  the  interspaces  between  two  adjacent 
cells,  and  its  extremity  is  often  seen  to  be  adherent  to  one  of 
the  cells  close  to  the  isthmus  connecting  it  to  its  neighbour  ; 
the  body  of  the  trypanosomes  usually  projects  into  the  lumen 
of  the  stomach  above  the  general  level  of  the  epithelium,  but 
sometimes  the  whole  body  is  deep  in  between  the  cells. 
Sometimes  two  or  three  trypanosomes  are  attached  side  by 
side  in  such  a  situation.  These  statements  apply  to  the 
usual  columnar  form  of  the  epithelium  with  deep  spaces  inter- 
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vening  between  the  cells;  when  the  cell  is  flattened  the  try- 
panosomes  may  be  attached  at  any  point,  and  in  the  case  of 
the  young  cells,  which  have  but  recently  been  produced  Irom 
the  epithelial  buds  and  in  which  each  cell  is  in  contact  with 
its  neighbours  along  its  side,  without  interspaces,  the  trypuno- 
somes  are  attached  to  the  convex  apical  region  of  the  cell 
(PI.  38,  fig.  104),  which  may  even  contain  early  intracellular 
stages  (PI.  39,  fig.  131). 

As  stated  above,  we  have  never  been  able  to  observe  in  the 
living  state  the  actual  penetration  of  the  epithelial  cell  by  the 
trypanosome  ;  and  in  our  sections  we  have  searched  in  vain 
for  appeai'ances  which  could  be  interpreted  as  trypanosomes 
caught  in  the  act  of  penetration.  AVe  have  not  found  any 
trypanosomes  half  in  and  half  out  of  the  cell,  from  which  it 
may  be  inferred,  probably,  that  the  actual  penetration  is 
effected  very  rapidly.  But  attention  must  be  drawn  here  to 
a  condition  which  is  probably  of  significance  in  connection 
with  this  point.  Trypanosomes  of  recurved  type  are  found 
with  the  tip  of  the  flagellum  attached  close  to  the  base  of  the 
cell  and  with  the  rest  of  the  body  so  closely  applied  to  the 
side  of  the  cell  that  careful  focussing  is  necessary  to  deter- 
mine that  the  trypanosome  is  still  bodily  outside  the  border 
of  the  cell  and  has  not  invaded  it.  Such  appearances  (PL  39, 
figs.  122,  123),  suggests  powerfully  that  the  parasite,  after 
attaching  itself  by  the  flagellum,  forces  its  body  into  the  cell. 
But  the  imagination  must  not  be  given  too  loose  a  rein  when 
interpreting  in  terms  of  living  activity  the  appearances  seen 
in  the  dead  fixed  preparations. 

The  next  stage  is  a  recurved  trypanosome  Avithin  tlie  cell 
(PI.  38,  fig.  107).  Trypanosomes  of  the  ordinary  form  (i.  e. 
not  recurved)  are  often  seen  in  cells,  but  it  is  doubtful 
whether  these  represent  individuals  that  have  bub  recently 
penetrated  the  cell;  if  so,  they  might  be  forms  which,  after 
having  been  recurved,  have  temporarily  straightened  them- 
selves out  again  ,  but  it  is  on  the  whole  more  probable  that 
they  are  trypanosomes  which  have  been  produced  by  the  dis- 
ruption of  a  sphere  and  which  are  about  to  leave  the  cell.    In 
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support  of  the  latter  conclusion  is  the  fact  that  we  have  seen 
trypauosonies  of  ordinary  type  only  ia  cells  that  appeared 
more  or  less  exhausted  and  liquefied,  and  especially  often  in 
detached  cells.  But,  even  if  such  forms  repi-esent  recent 
arrivals  in  the  cell,  it  is  certain  that  they  soon  take  on  the 
recurved  form.  Consequently  the  recurved  form  may  be 
taken  in  any  case  as  the  starting  point  of  the  intracellular 
development. 

The  growth  of  the  recurved  forui  into  the  sphere,  the 
multiplication  of  its  nuclei  and  flagella,  and  its  ultimate 
fission  to  produce  a  bunch  of  trypanosomes,  have  been 
described  in  detail  above,  and  only  a  few  points  in  the 
development  of  the  intracellular  phase  need  be  noted  here. 
In  the  first  place,  iu  all  preparations  satisfactorily  stained,  it 
is  seen  clearly  that  flagella  are  present  throughout,  and  that 
non-flaofellated  or  leishmanial  forms  do  not  occur.  This  is  so 
in  all  preparations  stained  with  iron-hfematoxylin  and  not 
over-extracted.  In  preparations  stained  by  Giemsa's  method 
the  flagella  ai-e  soinetirnes  not  to  be  seen,  but  iu  successful 
preparations  they  are  exceedingly  clear  and  sharp ;  it  is 
always,  however,  one  thing  or  the  other,  that  is  to  say,  we 
never  find  in  one  and  the  same  preparation  some  parasites 
showing  flagella  and  others  none;  either  the  flagella  are 
invisible  throughout  the  preparation,  or  are  to  be  seen  in 
every  trypanosome,  whether  inside  or  outside  the  cells. 

In  sections  the  parasites  are  naturally  very  often  in  a 
mutilated  condition,  especially  the  large  spheres,  which  may 
go  through  two  or  more  sections.  Consequently,  it  is  not 
possible  to  be  quite  certain  always  whether  a  given  sphere  is 
tailed  or  not.  But  if  the  tail  happens  to  lie  in  the  plane  of 
the  section  it  may  be  shown  very  clearly,  and  then  it  can  be 
seen  that  in  some  cases  the  tail  is  simply  the  original  flagellum 
of  the  parent-trypanosome,  projecting  freely,  while  in  other 
cases  the  tail  includes  the  original  flagellum  with  a  pro- 
longation of  the  trypanosome-body  into  which  daughter- 
flagella  may  grow  out,  alongside  of  the  parent-flagellum 
(PI.  38,  figs.  108,  110).     In  some  cases,  especially  when  the 
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host-cell  is  degenerating  and  breaking  up,  the  flagellum  of  a 
sphere  may  project  out  from  the  cell  (PI.  S9,  fig.  132). 

In  concluding  the  description  of  the  intracellular  multi- 
jDJication,  we  note  that  Chatton  and  Leger  (1912),  have 
described  what  they  term  a  process  of  "  agglutination  and 
cytolysis  "  in  Leptomonas  drosophila3,  and  suggest  that 
the  intracellular  multiplication  seen  by  us  in  the  case  of 
Trypanosoma  lewisi  in  the  stomach  of  the  flea  may  be  a 
phenomenon  of  the  same  order  as  that  observed  by  them 
in  Leptomonas  drosophilee.  We  cannot  accept  for  a 
moment  the  suo-grestion  that  the  behaviour  of  T.  lewisi  in 
the  flea's  stomach  is  anything  but  a  quite  normal  process  of 
multiplication.  It  is  not  incumbent  upon  us  to  criticise  the 
statements  of  the  authors,  otherwise  we  might  be  tempted  to 
iuquire  why  they  should  think  it  necessary  to  interpret  what 
they  have  seen  in  their  Leptomonas  as  agglutination  and 
cytolysis  rather  than  as  multiplication;  but  however  legiti- 
mate such  an  interpretation  may  be  for  L.  drosophilse,  we 
cannot  admit  it  for  the  similar  phenomena  observed  by  us  in 
T.  lewisi. 

Appendices  to  the  Descriptiox  of    the  Stomach-phase. 

Having  given  in  the  foregoing  pages  an  account  of  the  intracellular 
multiplication  of  the  trypanosomes  in  the  stomach,  it  remains  to 
discuss  the  relations  of  jjarasite  to  host  and  vice  versa.  Under  this 
theme  are  comprised  (1)  the  frequency  of  occuiTence  of  the  intracellular 
multiplication  in  fleas  exposed  to  infection,  (2)  the  type  of  epithelial  cell 
attacked  by  the  parasite,  (3)  the  relation  of  the  intracellular  stages  to 
the  infected  cell,  (-4)  the  effects  of  the  parasites  on  the  cells,  and  (5) 
the  relation  of  the  infection  as  a  whole  to  the  stomach.  The  first  of 
these  problems  is  a  statistical  one,  and  is  best  studied  in  fresh  or 
presei-\-ed  film-preparations ;  the  remaining  foui-  questions  are  best 
studied  in  serial  questions. 

(1)  The  Occurrence  of  the  Intracellular    Multiplication. 

The  following  is  a  summary  of  our  obsei'vations  on  the  occuirence  of 
the  intracellular  multiplication  from  twelve  hours  onwards,  not  count- 
ing^those  fleas  that  were  used  for  sections  : 

At  12  hours  approximately,  after  the  fleas  had  fed  on  an  infected 
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rat,  intracellular    multiplication   was    foi;nd  in  one  flea  out  of  ten 
examined  : 

At  15  hours,  in    1  flea  out  of     15. 

At  18         „  2  fleas     „         15. 

At  20         „  1  flea      „  2. 

At  24         „        40  fleas     „      240. 

At  36         „  2     „       „  5. 

At  48         „  5     „       „        20. 

At  60         „  none        „        22. 

At  three,  four  and  five  days  after  infection,  we  only  found  trypano- 
somes  in  the  stomachs  of  fleas  that  had  been  kept  isolated  and  starved  ; 
in  those  that  had  been  allowed  to  feed  again  on  a  clean  rat  no  trypano- 
somes  of  any  kind,  free  or  intracellular,  were  found  in  the  stomachs. 
Counting,  therefore,  only  starved  fleas,  we  found  intracellular  stages : 
At  3  days,  in  5  fleas  out  of  16. 
At    3^      „  1  flea        „  7. 

At    4        ..  2  fleas       „  13. 

Later  than  five  days  we  have  never  found  them.' 
The  total  of  all  these  obsei-vations  is  that  we  have  found  intracellular 
stages  of  multiplication  in  tlie  stomachs  of  sixty  out  of  365  fleas 
examined  from  twelve  hours  to  four  days  after  infection,  or  ai:)proxi- 
mately  16'5  per  cent.  There  is  no  doubt,  however,  that  this  figure  falls 
below  the  actual  percentage  of  fleas  in  which  the  trypanosomes  succeed  in 
establishing  themselves  in  the  stomach  and  passing  through  their  intra- 
cellular phase  when  ingested  by  the  flea,  for  at  least  two  reasons.  In 
the  first  place,  many  of  the  240  fleas  dissected  at  twenty-four  hours 
after  the  infective  feed  were  examined  very  hurriedly  and  cursorily,  the 
object  being  to  f^nd  fleas  in  which  the  intracellular  stages  were  swarm- 
ing, for  the  pui-pose  of  making  permanent  preparations  of  these  stages, 
and  when  they  were  not  found  quickly  in  the  teased-up  stomachs 
examined  in  the  fresh  state,  the  search  was  abandoned ;  consequently  in 
many  cases  in  which  the  intracellular  stages  were  scanty  they  may  well 
have  been  overlooked,  and  would  probably  have  been  found  after  more 
prolonged  seai'ch.'^    In  the  second  place,  as  regards  the  fleas  examined 

'  Since  this  page  was  wi-itten  we  have  found  intracellular  stages  in  a 
flea  which  had  been  fed  on  an  infected  rat  five  days  jDreviously,  and 
since  then  had  been  kept  starved. 

2  Compare  especially  the  figures  given  below  (Text-figs..  4-12)  of 
stomachs  reconstructed  from  serial  sections  ;  it  will  be  seen  that  there 
maybe  instances  in  which  only  one  or  two  small  i^atches  of  epithelium  are 
infected,  and  in  such  cases  it  would  be  a  lucky  accident  if  the  infection 
were  discovered  in  looking  at  the  freshly  teased-up  stomachs,  even  after  a 
prolonged  search. 
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at  later  periods  than  twenty-fonr  hours,  it  is  highly  probable  that  in 
many  of  these  the  intracellular  multiplication  may  have  been  completed 
and  this  stage  passed.  In  one  of  our  series  of  sections  of  a  stomach 
preserved  thirty-six  hours  after  infection  the  stomach  itself  contained 
no  trypanosomes  of  any  kind,  but  two  clumps  of  typical  crithidial  forms 
were  found  attached  in  the  intestine  behind  the  pylorus  (PI.  42,  fig.  273); 
in  this  case  the  stomach-phase  must  have  been  over,  assuming  that  it  is 
a  necessary  and  essential  part  of  the  developmental  cycle.  In  Table  M  it 
will  be  seen  that  in  several  cases  fleas  dissected  at  two  or  two  and  half 
days  after  the  infective  feed  had  no  trypanosomes  in  the  stomach  but 
developmental  crithidial  forms  in  the  rectum.  The  absence  of  intra- 
cellular multiplicative  forms  in  the  stomach  of  a  flea  examined  more 
than  twenty-four  hours  after  the  infective  feed  is,  therefore,  no  proof 
whatever  that  this  phase  has  not  been  passed  through  in  that  flea. 

When  due  weight  is  given  to  both  these  considerations,  namely  the 
probability  that  scanty  infections  may  be  overlooked  in  hasty  examina- 
tions of  stomachs  in  the  fresh  conditions,  and  the  fact  that  the 
stomach-phase  may  be  passed  through  rapidly  and  ended  very  soon, 
there  can  be  no  doubt  that  the  true  percentage  of  fleas  in  which  it  must 
take  place  must  be  considerably  higher  than  the  figure,  16'5,  derived 
from  actual  observation.  We  should  probably  not  be  far  wrong  in 
putting  it  above  20,  a  result  agreeing  fairly  closely  with  the  percentage 
of  fleas  found  by  direct  experiment  to  become  infective  after  having  fed 
on  an  infected  rat  (see  below,  j).  663),  and  thus  supporting  our  belief 
that  the  intracellular  multiplication  is  necessary  for  the  trypanosome  to 
establish  itself  in  the  flea,  and  is  an  indispensable  part  of  the  hfe-cycle  ; 
a  belief  which  is  .not,  however,  under  the  circumstances,  capable  of 
direct  proof  or  veriiication. 

It  is  at  least  evident  from  the  figures  given  that  the  investigator  must 
not  expect  to  find  the  intracellular  multiplication  in  moi'e  than  a  frac- 
tion (1/6  or  1/5)  of  the  number  of  fleas  examined  which  have  fed  but  once 
on  an  infected  rat ;  and  that  he  is  most  likely  to  find  them  from  eighteen 
to  thirty-six  hours  after  the  trypanosomes  have  been  ingested  by  the 
flea. 

(2)  The  Type  of  Cell  attacked  by  the  Trypanosome. 

With  regard  to  this  point  we  have  to  note,  in  the  first  place,  that  we 
have  never  seen  intracellular  stages  of  the  trypanosomes  in  the  cells  of 
the  epithelial  crypts.  In  this  we  are  in  agreement  with  NoUer  (1912), 
who  has  also  studied  sections  of  the  flea's  stomach.  Extracellular 
trypanosomes  are  sometimes  seen  attached  to  the  exterior  of  cells 
which  are  passing  oiit  from  the  crypt,  biit  never  inside  any  cell  which 
is  not  definitely  a  j^art  of  the  general  epithelium.     It  is  possible  that 
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tlie  separation  -wliieh,  as  described  above  (p.  494-).  takes  place  between 
the  epithelial  cells  imtil  they  are  connected  only  by  the  isthmus  at 
the  base,  makes  it  easier  for  the  trypanosomes  to  penetrate  into 
them,  since  the  appearances  seen  in  sections  suggest  that  the  attack 
is  usually  made  on  the  side  of  the  ceU  (PI.  39,  figs.  120-124) ;  the 
occasional,  though  rare  occurrence,  however,  of  intracelhilar  stages 
in  quite  young  cells  (PI.  39.  fig.  131),  shows  that  the  trypanosomes  can 
penetrate  into  epithelial  cells  before  the  separation  between  them  has 
developed. 

The  degenerated  epithelium,  full  of  fatty  deposits  which  blacken 
after  treatment  with  osmic  mixtures,  is  also  not  attacked  by  the  try- 
panosomes. It  is  true  that  intracellular  stages  may  sometimes  be 
found  in  a  degenerated  cell,  but  iu  such  cases  the  cell  has  been  thrown 
off  from  the  epithelium  and  the  parasites  are  in  the  condition  of  large 
spheres  ripe  for  breaking  up  into  trypanosomes  (PI.  39,  fig.  135) ;  or  of 
masses  and  clumps  of  trypanosomes  that  have  evidently  been  liberated 
by  the  recent  disruption  of  a  sphere  (PI.  38,  fig.  114).  It  may  be  sup- 
posed that  in  these  cases  the  cell  was  attacked  by  the  trypanosomes 
befoi'e  degeneration  had  set  in ;  the  process  of  degeneration  may  have 
been  hastened  by  the  action  of  the  pai-asites. 

The  trypanosomes  attack  by  preference  the  fully-formed,  but  still 
young  and  vigorous  cells,  which  may  contain  granules  of  the  normal 
type  and  even  yellow  bodies,  but  no  fatty  deposits  ;  cells  which  may  l)e 
well  characterised  as  adolescent  in  type,  and  which  stain  a  clear,  light- 
grey  with  iron-hsematoxylin  after  Flemming-fixatiou.  It  is  in  such  cells 
that  the  earlier  stages  of  the  intracellular  multiplication  are  to  be 
found  in  a  flourishing  condition  and  often  in  considerable  numbers ;  but 
if  the  trypanosomes  are  numerous  the  cell  soon  becomes  exhausted. 


(3)  The  Relation  of  the  Trypanosomes  to   the  Cells. 

The  intracellular  parasites  are  found  most  frequently  in  the  apica  1 
expanded  region  of  the  cell,  where  the  cytoplasm  is  usually  of  a  loose 
spongy  texture  (PI.  39,  fig.  126).  Sometimes,  however,  the  trypanosomes 
are  seen  below  the  nucleus  and  occasionally  there  may  be  parasites 
lodged  above  and  below  the  nucleus  in  the  same  cell  (PI.  39,  fig.  134). 
Since  the  position  of  the  nucleus  in  the  cell  is  subject,  as  has  been 
pointed  out  above,  to  variation,  no  special  significance  attaches  to  this 
point.  It  may  be  noted,  however,  that  when  a  sphere  is  situated,  as 
regards  the  principal  mass  of  its  body,  above  the  nucleus,  the  tail  of 
the  sphere  may  i-un  down  to  the  base  of  the  cell  (PI.  38,  fig.  108). 

In  epithelium  of  the  flattened  form  the  intracellular  parasites  are 
lodged  beside  the  nucleus,  which  is  often  pushed  to  one  side  of  the  cell. 


THE    EAT-TRYPAXOSOME,    TRYPAXOSOMA    LEWISI.        549 

(4)  The    Effects    of    the    Trypanosoines    on    the    Epithelial 

Cells. 

In  describing  the  pathological  effects  of  the  tiypanosomes,  we  may 
begin  with  the  cases  where  a  cell  is  attacked  by  a  few,  not  more  than 
two  or  three,  parasites,  and  has  been  but  little  affected  by  them  (PI.  39, 
figs.  126.  127).  It  is  seen  that  the  parasite  is  lodged  in  a  distinct  space 
or  vacuole  in  the  cytoplasm,  a  vacuole  which  is  not  to  be  intei-preted  as 
an  artefact  due  to  shiinkage  from  the  action  of  reagents,  but  as  pro- 
duced by  the  liquefactive  or  absortive  action  of  the  pai*asite  on  the 
cytoplasm,  since  the  vacuoles  containing  the  intracellular  pai-asites  can 
be  seen  vei-y  clearly  in  the  living  cell.  Similar  effects  produced  by  T  o  x  o  - 
plasma  gondii  in  the  peritoneal  cells  of  the  mouse  have  been 
described  by  Miss  Pixell.^  In  the  living  condition,  as  stated  above,  the 
tiypanosomes  move  freely  by  means  of  their  flagella  in  the  liquefied 
cytoplasm,  and  when  there  are  many  parasites  in  the  same  cell  they 
can  be  seen  to  jostle  one  another  and  even  to  bump  against  the  cell- 
nucleus.  Owing  to  the  liquefaction  of  its  cytoplasm  the  cell  becomes 
empty  and  exhausted,  and  in  its  final  stage  is  reduced  to  the  condition  of 
a  sack,  containing  fluid,  which  may  be  crammed  with  trypanosomes 
produced  by  the  process  of  multiplication  Asathin  the  cell ;  remnants  of 
the  cytoplasm  may  persist  on  the  wall  of  the  sac,  and  the  cell-nucleus 
is  also  to  be  found  at  some  point,  generally  adherent  to  the  wall.  Often 
these  exhausted  cells  contain  fatty  dej)osits  and  also  the  brownish- 
yellow  bodies  described  above. 

The  effect  produced  on  the  parasitised  cell  as  a  whole  is  a  more  or 
less  distinct  hypertrophy,  more  obvious  when  the  contained  parasites 
are  present  in  large  numbers  (PI.  38,  fig.  114).  Then  the  cell  often 
becomes  veiy  much  enlarged,  but  this  enlargement  appears  to  be 
brought  about  in  many  cases  not  solely  by  the  hypertrophy  of  the 
individual  epithelial  cell,  but  also  by  the  fusion  of  distinct  cells  ;  at 
least  this  is  the  only  way  in  which  we  are  able  to  interpret  the  large 
multinucleate  cells,  containing  numerous  parasites  in  all  stages  of  their 
multiplication,  that  are  frequently  to  be  found.  Mitoses,  or  any  other 
forms  of  nuclear  multiplication  are  never  seen  in  the  epithelium,  and 
the  very  large  size  of  these  multinucleate  cells  (PI.  39,  fig.  128  ;  com- 
pare PL  44.  fig.  313),  certainly  indicates  cell-fusion  having  taken  place. 
We  have  also  seen  multinucleate  epithelial  cells  not  containing  para- 
sites :  but  such  cases  might  very  well  be  those  in  which  the  intra- 
cellular multiplication  was  ended  and  the  daughter-trjT^anosomes 
produced  had  escaped  from  the  cell. 

As  the  cells  are  exhausted  and  destroyed  by  the  parasites  there  is  a 
pronounced  tendency  for  them  to  be  thrown  off  fi-om  the  epithelium^ 

' '  Proc.  Koy.  Soc.,'  (b),  Ixxxvii,  p.  73,  (PI.  ix,  figs.  3-6). 
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In  the  sections  infected  patches  of  epithelium  are  of  frequent  occiuTence, 
in  which  the  infected  cells  are  seen  bulging  far  out  from  the  general 
level  of  the  epithelium  into  the  lumen  of  the  stomach,  giving  sometimes 
an  appearance  like  a  bunch  of  grapes  (PI.  4i,  figs.  313  and  315).  In  such 
protuberances  every  cell,  as  a  rule,  contains  numerous  parasites  in  all 
possible  stages  of  multiplication,  in  progress  or  completed.  In  one  of 
our  series  there  is  a  stomach  in  which  no  parasites  are  to  be  found 
within  the  epithelial  cells  in  situ  in  any  part  of  the  stomach-wall,  but 
in  the  fore  part  of  the  stomach  there  are  very  numerous  intracellular 
jtarasites.  all  contained  in  cells  completely  detached  from  the  epithelium. 
On  the  other  hand  very  large  patches  of  epithelium  may  be  found 
infected  without  the  cell  being  thrown  off  ;  in  one  of  our  series  there  is 
a  stomach,  which,  in  one  part  shows  infected  cells  the  whole  way  round 
the  section,  except  in  the  epithelial  crypts  (Text-fig.  9),  but  there  is  very 
little  detachment  of  epithelial  cells.  It  is  evident  that  the  expiilsion  of 
the  infected  cells  from  the  epithelium  is  a  measure  partly  of  the  inten- 
sity of  the  infection,  i.e.  the  numl)er  of  parasites  contained  in  each  cell, 
and  partly  of  the  length  of  time  during  which  the  parasites  have  been 
acting  on  the  cells ;  it  is  not  till  the  cells  are  becoming  exhausted  and 
incapable  that  they  are  ejected  from  the  epithelium. 

From  a  study  of  the  extracellular  trypanosomes,  which  occur  in  close 
proximity  to  the  epithelium,  and  more  esjDCcially  those  actually  attached 
to  it,  it  is  evident  that  the  extent  of  the  epithelial  areas  simtdtaneously 
attacked  may  vary  very  greatly  in  different  cases.  Sometimes  only  an 
attached  trypanosome  is  to  be  seen  here  and  there,  scarcely  so  much  as 
one  in  each  consecutive  section  on  the  average ;  this  con-esponds  to  the 
frequent  occurrence  of  solitary  epithelial  cells,  or  very  small  groups  of 
them,  containing  parasites.  Sometimes,  on  the  contrary,  all  the  epithe- 
lium on  one  side  of  many  consecutive  sections  will  be  seen  to  have 
trypanosomes  adherent  to  it,  while  on  the  other  side  of  the  same 
sections  not  a  trypanosome  is  to  be  seen  (compare  Text-figs.  4^12). 
"What  determines  the  extent  and  distribution  of  the  attacks  it  is  impos- 
sible to  say,  but  at  least  one  necessity  is  probably  the  presence  of 
regenerated  "adolescent "  ej^ithelium. 

It  should  be  mentioned  finally  that  in  one  of  our  series  there  is  a 
stomach  which  in  its  hinder  region  is  almost  entirely  deniided  of  epithe- 
lium. Yast  numbers  of  trypanosomes  are  seen  in  all  parts  of  the 
stomach -lumen,  but  swanning  most  thickly  near  the  wall,  on  which  only 
the  epithelial  crypts  remain  intact.  Remnants  of  the  general  epithe- 
lium occur  here  and  there  in  the  form  of  broken-down  cells  containing 
the  final  stages  of  the  intracellular  multiplication,  but  for  the  most 
part  the  epithelium  is  gone  altogether.  In  the  anterior  region  of  this 
stomach,  trypanosomes  ai-e  less  abundant  and  the  epithelium  is  in 
process  of  regeneration.     It  is  surely  a  fortunate  circumstance  for  the 
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insect  host  that  its  epithelial  crypts  of  regeneration  are  immune  to  the 
attacks  of  the  tiypanosomes  ;  were  it  not  so,  it  is  hardly  credible  that 
the  flea  could  sm-^-ive  the  extensive  destruction  of  the  epithelium  that 
may  occur  with  an  intense  infection. 

(5)    The  Relation   of   the    Trypanosome-Inf ection,    as   a 
Whole,  to  the  Stomach  of  the  Flea. 

This  point  can  best  be  made  clear  by  describing  a  few  examples, 
which  will  give  a  more  gi-aphic  picture  of  the  variations  seen  in  different 
fleas  than  can  be  obtained  from  a  general  description.  It  must  be  stated, 
in  the  fii-st  place,  that,  as  already  pointed  out  above,  in  stomachs  of  fleas 
preserved  eighteen,  twenty-four,  or  thirty-six  hours  after  having  been 
fed  on  a  well-infected  rat,  the  tiypanosomes  may  have  entirely  dis- 
appeared, having  been  digested  with  the  blood  and  failed  to  establish 
themselves.  Consequently,  in  many  of  our  series  of  sections,  some  or 
all  of  the  stomachs  contain  no  tiypanosomes  at  all.  On  account  of  the 
great  expenditm-e  of  labour  and  time  involved  in  searching  through  a 
complete  series  of  sections  of  a  stomach  we  have  not  attempted  to  com- 
pile any  statistics  of  the  numerical  proportion  of  infected  to  non-infected 
stomachs,  as  we  have  done  in  the  case  of  stomachs  teased  up  and 
examined  fresh,  the  latter  being  a  method  much  less  laborious,  though 
not  so  exact,  for  determining  whether  a  stomach  contains  trypanosomes 
or  not. 

In  the  examples  we  are  aboiit  to  give  we  deal  only  with  those 
stomachs  in  which  trypanosomes  have  been  found,  and  in  order  to 
exhibit  at  a  glance  the  state  of  things  in  each  stomach  we  have  made 
reconstractions  of  a  certain  number  of  stomachs  in  the  following 
manner : 

(a)  To  show  the  distribution  of  the  cells  containing  intracellular 
stages,  the  stomach  is  imagined  as  cut  open  from  the  intestine  to  the 
proventriculus  along  a  line  which  conesponds  to  the  southernmost 
(lowest)  point  in  the  transverse  sections,  but  which  is  a  purely  arbitrary 
line  so  far  as  the  flea  is  concerned  and  does  not  coiTespond  to  any 
definite  anatomical  plane  of  the  insect.  The  wall  of  the  stomach,  sup- 
posed to  have  been  cut  open  along  this  line,  is  further  imagined  as  laid 
out  flat.  Of  each  stomach  reconsti-ucted  in  this  way  a  diagi'ammatic 
sketch  was  made  on  paper  ruled  in  millimeter  squares  to  a  definite 
scale,  namely,  1  mm.  to  each  transverse  section  of  6  /i  in  thickness,  and 
in  the  sketch  three  meridians  are  put  in  with  dotted  lines,  the  middle 
one  to  represent  the  northernmost  (uppermost)  point  of  the  sections, 
while  the  meridians  to  the  left  and  right  represent  respectively  the 
extreme  western  (left-hand)  and  eastern  (right-hand)  points  in  the 
section.  After  making  a  diagi'ammatic  sketch  in  this  manner  the  series 
•of  sections  was  searched  through  and  all  infected  cells  were  mapped  out 
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in  the  reconstiiictions,  being  represented  by  little  circles  placed  in  the 
line  corresponding  to  the  number  of  the  section,  and  in  the  relation  ta 
the  meridians  that  indicate  its  position  in  the  section.  For  instance,  if 
an  infected  cell  is  found  in  the  twenty-seventh  section,  to  the  north-east 
of  the  section,  the  circle  representing  it  is  put  into  the  diagram  27  mm. 
from  the  anterior  end  of  the  stomach  and  midway  between  the  meridians 
N".  and  E. 

In  this  way  a  graphic  representation,  accurate  to  scale  in  the  longi- 
tudinal direction,  is  obtained  of  the  distribution  of  the  infected  cells  in 
the  epithelium.  It  is  important  to  remember  that  each  little  circle 
represents  not  merely  a  single  intracellular  stage  of  the  trypanosome, 
but  an  infected  cell  which  may  contain  many  si;ch  stages. 

(b)  To  show  the  distribution  of  the  extracellular  trypanosomes  the 
diagram  is  supposed  to  represent  the  unopened  stomach,  and  the 
trypanosomes  that  are  in  close  proximity,  or  attached,  to  the  epithelium 
are  put  in  along  the  sides,  while  those  scattered  free  in  the  debris  are 
represented  dispersed  through  the  diagram,  in  the  position  coi're- 
sponding  to  the  number  of  the  section  in  which  they  occui' ;  when  very 
numerous,  however,  it  is  impossible  to  represent  them  accurately,  and 
they  are  merely  crowded  in  as  thickly  as  possible  in  the  diagram. 

It  is  veiy  important  that  the  reader  should  understand  clearly  that  in 
each  of  our  diagrammatic  reconstructions  of  the  stomachs  two 
distinct  conventions  are  comb  ined,  as  it  were  supei'posed  one 
on  the  other.  Originally  our  intention  was  to  have  given  two  diagrams 
for  each  stomach,  one  reconstructed  according  to  method  (a)  to  show 
the  distribution  of  the  intracellular  parasites,  the  other  according  to 
method(b),  indicating  the  occurrence  of  the  extracellular  tiypanosomes. 
To  have  given  two  diagrams  for  each  stomach,  however,  would  not  only 
have  taken  up  much  space,  but  would  not  have  shown  the  state  of 
affairs  so  graphically  as  when  the  two  diagrams  are  combined  into  one 
and  no  confusion  can  arise  if  it  is  clearly  understood  that  two  different 
methods  of  reconstruction  are  combined  in  each  figure.  The  fact  that 
the  attached  tryj^anosomes  are  represented  adherent  to  the  sides  of  the 
diagram,  forexamjjle,  does  not  mean  that  they  ai'e  attached  only  along 
the  southern  meridian  ;  they  are  attached  at  any  point  in  the  section, 
but  had  they  been  indicated  in  the  diagram  in  the  exact  mei'idian  in 
which  they  occur  the  eye  would  not  have  distinguished  them  from  the 
free  forms.'     To  indicate  the  exact  position  of  the  attached  trypano- 

'  It  was  suggested  by  a  friend  that  the  attached  tiypanosomes  might 
have  been  distinguished  from  those  that  are  free  by  drawing  at  one  end 
of  them  a  little  transverse  line  or  semicircle,  to  indicate  the  attachment 
to  the  cell ;  but  whei'e  the  trypanosomes  are  thickly  crowded,  as  in 
Text-fig.  10,  it  would  have  been  impossible  to  distinguish  clearly  the 
free  and  the  attached  forms  in  this  way. 
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somes  it  would  have  been  necessary  to  bave  shown  the  attached  and  the 
free  trjpanosomes  in  separate  diagrams ;  either  to  have  put  in  the 
attached  forms  in  the  diagram  showing  the  infected  cells,  according  to 
method  (a),  or  to  have  constimcted  three  diagrams  showing  the  infected 
cells,  the  attached  trypanosomes,  and  the  free  tiypanosomes  on  each 
diagram  separately. 

The  reconstmctions  were  made,  as  has  been  stated,  on  a  definite 
scale  as  regards  the  length  of  the  stomach,  namely,  on  the  scale  of 

1000 
1  mm.  to  6  /I,  that  is  to  say  at  a  magmfication  of  ^~q~,  or  16/   approxi- 
mately.    In  the  reproduction,  however,  the  diagrams  have  been  reduced 
to  two-thirds  of  their  original  size,  and  appear,  therefore,  at  a  magnifi- 

•''000 
cation  of  -TcT'  o^'  HI  approximately,  with  the  exception  of  figs.  3  and 

11,  which  it  has  been  necessary  to  reduce  to  one-half  on  account  of  the 
very  large  size  of  the  stomachs,  and  which,  therefore,  appear  at  a 
magnification  of  about  83-5,  while  fig.  9  has  been  reduced  to  one-third. 
The  diagi-ams  show  the  great  vai-iations  in  the  size  of  the  flea's  stomach. 
The  small  stomachs  are  males,  the  large  ones  females.  The  number  of 
sections  in  a  series  cut  through  a  small  stomach  was  generally  about 
125,  in  a  large  stomach  from  about  220  to  300.  This  corresponds  in  a 
remarkable  way  to  some  observations  we  had  made  and  recorded  long 
previously  to  cutting  the  sections — on  the  feeding  of  the  fleas.  "We 
found  that  a  male  flea  took  about  a  minute  and  a  quarter  to  fill  its 
stomach,  a  female  aboiit  two  minutes  and  a  quarter. 

The  stomachs  reconstructed  by  us  were  all  from  fleas  fed  twenty-fom- 
or  thirty-six  hours  before  being  dissected  and  presei-ved.  We  will  begin 
with  the  fleas  of  thiity-six  hours,  because  we  possess  a  very  good  series 
of  this  period,  which  has  been  studied  very  carefully  by  us.  and  which, 
having  been  preseiwed  in  Flemming's  fluid  and  stained  with  iron- 
haematoxylin,  shows  the  state  of  the  epithelium  and  the  stomach-con- 
tents particularly  well. 

(a)  Thirty-six  hours  after  feeding.— A  batch  of  nine  .stomachs, 
all  preserved  at  the  same  time,  stuck  on  the  same  piece  of  liver  and  cut 
in  the  same  block  of  paraffin.  Owing  to  an  accident  to  the  block  the 
two  stomachs  near  one  end  of  the  liver  were  damaged :  the  anterior 
half  of  one  of  these  stomachs  and  a  small  part  of  the  anterior  end  of 
the  other  were  broken  away.  In  what  remained  of  these  two  stomachs 
no  tiypanosomes  of  any  kind  were  found,  and  the  same  was  the  case 
with  one  of  the  other  stomachs  in  this  series.  There  remain  six 
stomachs  to  be  described. 

(1)  (Text-fig.  4).  The  stomach  is  a  large  one,  going  through  about 
260  sections,  con-esponding  to  a  length  of  about  1-56  mm.,  exclusive  of 
the  proventriculus.     The  blood-debris  is  large  in  amount  and  stained 
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E^construction  of  a  stomach  in  the  manner  descrihed  in  the  text, 
to  show  the  distribution  of  the  intracelhilar  and  extracellular 
trypanosomes.  The  portion  left  blank  is  where  some  of  the 
sections  were  accidentally  destroyed.  No  meridians  have  been 
put  in  because,  in  this  instance,  all  the  intracellular  trypano- 
somes were  in  deta/ched  cells.    36  hours.    Magnified  about  83'5. 
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yellow.  The  epithelium  is  for  the  most  part  flattened  and  very  l>lack, 
especially  at  the  anterior  end,  where  also  there  are  very  many  detached 
cells.  There  are  also  a  great  many  yellow  necrosed  cells,  either  in  the 
form  of  extensive  patches  in  the  epithelium  in  situ,  or  of  detached 
cells  loose  in  the  blood-debris. 

Extracellular  trypanosomes  abundant,  especially  round  the  detached 
cells  in  the  anterior  region.  In  the  posterior  half  of  the  stomach  they 
are  much  fewer,  and  almost  all  peripheral  in  position  or  attached  to  the 
epithelium. 

Intracellular  trypanosomes  very  abundant  in  the  anterior  fourth,  but 
only  in  detached  cells,  none  in  the  epithelial  cells  in  situ.  Passing 
backwards  they  become  scarcer,  and  in  the  posterior  half  of  the  stomach, 
none  are  found. 

Since  the  intracellular  parasites  in  this  stomach  ai-e  found  only  in 
detached  cells,  the  meridians  have  been  omitted  in  the  reconstruction,  it 
being  impossible  to  refer  the  infected  cells  to  their  proper  position  in 
the  stomach-wall. 

Interpretation. — This  is  a  stomach  in  which  the  epithelium  is  in 
the  final  stages  of  degeneration,  especially  anteriorly,  but  regeneration 
has  not  begun.  There  has  been  an  extensive  intracellular  infection  in 
the  most  anterior  region,  represented  now  by  advanced  stages  in  the 
detached  epithelial  cells,  and  swarms  of  free  trypanosomes  are  attaching 
themselves  in  pi-eparation  for  a  fresh  attack.  There  are  also  clumps  of 
degenerative  f onns  free  in  the  blood. 

(2)  The  stomach  goes  thi-ough  about  220  sections  corresponding  to  a 
length  of  1'32  mm.  Blood-debris  in  moderate  quantity,  stained  yellow ; 
epithelium  clear,  granular,  containing  many  grains  and  pseudospheres. 
No  tiypanosomes  in  any  stage  found  in  the  stomach,  but  in  the  intes- 
tine, behind  the  pylorus,  in  a  large  clump  of  attached  crithidial  forms. 

Interpretation. — A  stomach  which  has  recently  been  regenerated 
and  in  which  the  stomach-phase  of  the  trypanosomes  is  completed  and 
past. 

(3)  (Text-fig.  o).  A  large  stomach  going  through  alwut  260  sec- 
tions. Blood-debris  about  half  absorbed;  stains  grey.  Epithelium  for 
the  most  part  clear,  columnar,  very  granular,  with  coarse  grains  and 
pseudospheres  and  many  yellow  bodies.  There  are  a  fair  number  of 
detached  cells,  some  of  them  showing  yellow  necrosis,  scattered  thi'ough 
the  stomach ;  in  the  posterior  region  there  are  some  black  degenerated 
cells  still  in  situ  or  in  process  of  detachment. 

Extracellular  trypanosomes  veiy  scarce  in  the  anterior  half  of  the 
stomach  ;  in  the  posterior  half  they  are  more  numerous  and  all  attached 
to  the  epithelium  or  peripheral  in  position. 

Intracellular  tiypanosomes  are  found  only  in  the  anterior  half,  where 
thei-e  are  scattered  patches,  variable  in  extent,  of  infected  epithelium. 
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Text-fig.  5. 


Reconstruction  of  another  stomach.  The  series  of  sections 
began  just  l^ehind  the  proventriculus.  36  hom-s.  Magnified 
about  111. 
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Reconstruction    of    another    stomach.      36   hours.      ^Macruified 
about  111. 
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Interpretation. — A  stomach  very  recently  regenerated,  the  pro- 
cess scarcely  complete  in  the  posterior  region.  In  the  anterior  half 
practically  all  the  trypanosomes  have  penetrated  into  the  epithelium. 
In  the  posterior  half  an  attack  is  beginning,  but  all  the  parasites  are 
still  extracellular. 

(4)  (Text-fig.  6).  A  large  stomach  going  through  223  sections.  Blood- 
debris  as  in  last.  Epithelium  as  in  last,  but  less  granular  and  with  no 
yellow  bodies  ;  no  black  cells  in  situ,  but  a  few  detached. 

Extracellular  tiypanosomes  very  few  in  number,  scarcely  more  than 
twenty  in  the  whole  series  ;  all  attached  to  the  epithelium  or  close  to  it. 

Inti-aceUular  trypanosomes  in  two  fairly  extensive  patches  of  infected 
epithelium,  one  about  the  middle  of  the  stomach,  one  close  to  the 
pylorus.  In  one  of  these  patches  the  cells  are  badly  affected  ;  in  the 
other  they  are  more  normal. 

Interpretation. — A  feebly-infected  stomach,  recently  regenerated, 
in  which  almost  all  the  trypanosomes  are  intracellular. 

(5)  The  stomach  runs  through  217  sections.  Blood-debris  large  in 
amount ;  stained  yellow.  Epithelium  :  (a)  in  the  first  130  sections 
mostly  very  dark,  but  interspersed  with  cleai-er  patches  of  cells ;  many 
detached  cells,  some  black,  some  yellow ;  (b)  in  the  hinder  |,  approxi- 
mately, of  the  stomach  the  epithelium  is  mostly  clear,  not  very 
gi-anular.  with  a  few  patches  of  black  cells  in  situ,  and  many  detached 
cells,  black  or  yellow. 

Extracellular  trypanosomes  all  confined  to  the  anterior  region,  in 
rather  scanty  numbers  for  the  most  part  peripheral  in  position  and 
often  attached. 

Intracellular  trypanosomes  found  only  in  the  posterior  region;  three 
patches  of  infected  epithelium,  one  fairly  large,  running  through  forty- 
six  sections,  the  cells  considerably  modified,  and  two  small  jiatches ;  also 
a  detached  cell  containing  a  large  sphere  in  section  132  (rather  far 
forward). 

Interpretation. — A  stomach  in  which  regeneration  is  just  be- 
ginning in  the  anterior  region  and  is  fairly  advanced  posteriorly.  In 
the  anterior  region  the  presence  of  necrosed  cells  indicates  that  there 
has  been  a  recent  attack,  but  at  present  there  are  only  extracellular 
tiypanosomes  ;  in  the  posterior  region  there  are  fairly  extensive  patches 
of  infected  epithelium  and  no  extra-ceUular  trypanosomes. 

(6)  (Text-fig.  7).  The  stomach  runs  through  about  240  sections.  Blood- 
debris  large  in  amount ;  yellow.  Epithelium  clear,  columnar, and  with 
many  granules,  and  in  places  yellow  Indies ;  interspersed  are  a  few 
black  or  yellow  cells,  singly  or  in  patches,  in  situ,  and  detached  cells 
are  also  fairly  numerous. 

Extracellular  trypanosomes  numerous ;  nearly  all  close  to  the 
epithelium  and  many  attached  along  the  whole  length  of  the  stomach. 
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Reconstruction  of  anotJier  stomach.     Owini,'  to  tlip  exigencies  of 
space  the  hinder  pai-t  of  the  stomach,  in  which  there  were  no 
trypanosomes,  has  been  cut  o&.   36  hours.    Magnified  about  111. 
VOL.    (JO,  PART  4. NEW  SERIES.  39 


560 


E.   A.   MINCHIN   AND  J.   D.   THOMSON. 


Intracellular  trypauosomes  practically  confined  to  a  fairly  extensive 
patch  of  epithelium  about  the  middle  of  the  stomach. 

Text-fig.  8. 


Keconstruction  of  another  stomach.  The  gap  in  the  middle  of 
the  figure  shows  where  three  sections  were  accidentally 
destroyed.     24  hours.     Magnified  111. 

Interpretation.— A  stomach  which  has  undergone  regeneration, 
which  is  scarcely  completed.  A  previous  intracellular  generation  of 
trypanosomes,  indicated  by  the  presence  of  necrosed  cells,  has  given  rise 
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to  numerous  free  trypanosomes  that  are  attacking  the  regenerated 
epithelium,  and  have  penetrated  it  and  established  themselves  in  the 
cells  in  a  few  places. 

(b)  Twenty-four  hours  after  feeding.  —  (7)  (Text-fig.  8). 
From  a  series  preserved  in  Maier's  fluid. ^  A  small  stomach,  running 
through  about  150  sections.  In  the  anterior  quarter,  or  thereabouts, 
of  the  stomach  are  a  fair  number  of  attached  forms.  Behind  this 
region  begins  a  very  intense  intracellular  infection  which  diminishes 
somewhat  in  the  posterior  fourth,  except  for  an  extensive  patch  close  to 
the  pylorus.  Through  all  this  region  there  are  practically  no  attached 
trypanosomes,  but  there  are  a  few  scattered  through  the  debris,  which 
become  more  numerous  towards  the  pylorus,  and  are  found  passing 
down  the  intestine,  where  some  of  them  are  attached  to  the  lining. 

Interpretation. — The  intracellular  multiplication  is  at  its 
height  and  the  trypanosomes  are  beginning  to  pass  on  to  the  rectum, 
but  at  the  extreme  anterior  end  a  fresh  attack  is  developing. 

(8)  From  the  same  series  as  the  last.  A  small  stomach  running 
through  about  154  sections.  In  the  anterior  twenty  sections  the  epithe- 
lium is  columnar,  normal,  or  in  places  tending  to  degenerate,  with  no 
intracellular  trypanosomes,  and  very  few  free  trypanosomes  in  the 
sections.  For  about  forty  sections  behind  this  there  is  an  intense  infec- 
tion of  the  epithelium,  which  in  places  is  largely  destroyed  or  broken 
up,  and  there  are  great  numbers  of  extracellular  tryj^anosomes, 
some  scattered  through  the  debris,  others  in  close  proximity  to  the 
stomach- wall.  In  the  next  fifty  sections,  approximately,  the  epithelium 
is  almost  entirely  destroyed ;  only  the  crypts  remain,  with  here  and 
there  a  few  broken-down  cells  still  adherent  to  the  wall  and  containing 
late  or  completed  stages  of  the  multiplication ;  there  are  also  in  this 
region  enormous  numbers  of  extracellular  trypanosomes,  mostly  in  close 
proximity  to  the  wall  of  the  stomach,  but  also  scattered  through  the 
debris,  in  which  there  are,  in  addition,  masses  of  detached,  broken- 
down  cells,  many  of  them  containing  large  spheres  or  clumps  of  trypano- 
somes. In  the  twelve  sections  behind  this  region  the  number  of 
trypanosomes  and  detached  cells  diminishes  rapidly,  and  in  the  last 
thirty-two  sections  there  are  no  trypanosomes,  though  still  a  few 
detached  cells. 

Interpretati  on. — A  stomach  with  an  extraordinarily  intense  infec- 
tion, which,  in  the  middle  region,  has  destroyed  the  epithelium  com- 
pletely. The  intracellular  multiplication  has  produced  vast  numbers 
of  trypanosomes,  which  are  not  beginning  as  yet  to  migrate  backwards 

*  In  the  case  of  stomachs  (7)  to  (15)  the  slides  of  the  seiies  were 
stained  alternately  with  the  iron-hsematoxylin-Lichtgriin-combination 
and  by  Giemsa's  method. 
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Text-fig.  9. 


Magnified  about  111. 
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to  the  rectum,  judging  from  tlieir  absence  in  the  iDosterior  region  of  the 
stomach. 

(9)  From  the  same  series  as  the  last.  A  large  stomach  running 
through  a])out  234  sections.  Eisithelium  almost  everywhere  columnar, 
a  few  flat  cells ;  very  few  detached. 

Extracellular  trypanosomes  fairly  numerous  to^vards  the  hinder  end, 
mostly  peripheral  and  many  attached,  a  few  scattered  in  the  debris. 
No  intracellular  typanosomes  found. 

Interpretation. — A  stomach  in  which  one  or  more  generations  of 
intracellular  multiplication  have  been  completed  and  a  new  attack  on 
the  cells  is  beginning. 

(10)  (Text-fig.  9).  From  the  same  series  as  the  last.  A  large  stomach, 
but  imfortunately  not  quite  enough  sections  were  mounted  and  the 
series  ends  before  the  pylorus.  Blood-debris  large  in  amount  every- 
where. 

In  the  anterior  half  of  the  stomach  there  are  a  few  extracelkilar 
trypanosomes  scattered  through  the  blood-debris,  very  few  attached; 
there  are  also  some  intracelhilar  parasites,  for  the  most  part  scanty, 
but  in  one  place  there  is  a  fairly  extensive  patch  of  infected  epithe- 
lium. 

In  the  posterior  half  there  is  a  very  intense  infection  of  the  cells, 
which  in  many  sections  is  seen  all  round  the  section,  or  interrupted  only 
by  the  epithelial  crypts.  In  this  region,  extracellular  trypanosomes 
are  practically  absent ;  one  clump,  api^arently  of  degenerative  forms, 
was  found,  and  in  the  hindermost  region  free  trypanosomes,  scattered 
in  the  debris,  begin  to  appear  abundant  in  the  pyloric  region. 

Interpretation. — Over  a  large  extent  of  the  stomach  the  intense 
infection  of  the  epithelium  has  absorbed,  so  to  speak,  all  the  free  try- 
panosomes except  the  degenerating  forms. 

(11)  From  another  series  preserved  in  Maier's  fluid.  A  stomach  of 
moderate  size,  ruuniug  through  abovit  18*)  sections. 

Extracellular  trypanosomes  swarming  in  the  posterior  region  of  the 
stomach  and  in  the  intestine  ;  towards  the  anterior  end  they  diminish 
in  number,  but  are  to  be  found  i-ight  up  to  the  proventriculus. 
Almost  all  these  trypanosomes  are  free  in  the  debris,  very  few  are 
attached. 

No  intracellular  trypanosomes  found. 

Interpretation. — A  stomach  in  which  the  intracellular  multipli- 
cation is  practically  ended  and  the  trypanosomes,  present  in  large 
numbers,  are  passing  down  to  the  rectum. 

(12)  Text-fig.  10).  From  the  same  series  as  the  last.  A  veiy  large 
stomach,  running  through  about  320  sections,  corresponding  to  a  length 
of  nearly  2  mm. 

Extracellular  trypanosomes  occur  in  vast  swarms  along  the  whole 
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length  of  the    stomach ;    most    of    them  are  peripheral    in   position 
occurring  all  along  the  east  (right-hand)  side  of  the  sections,  and  many 

Text-fig.  10. 


l-^i^^^^^r^  ^  :lw^f'l 


..    J;  -">^ 


Reconstruction  of  a  very  large  stomach.     24  hours.     Magnified 
about  oo'o. 


of  them  are  attached.  Tiypanosomes  also  occur,  however,  scattered 
through  the  debris  in  all  the  sections,  but  moi-e  especially  in  the 
posterior  half  of  the  stomach,  and  swarms   of  them  ai-e  seen  in  the 
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Reconstruction  of  another  stomach.  The  anterior  part  of  the 
figure,  from  just  behind  the  proventriculus,  has  been  cut  off 
owing  to  exigencies  of  space,  but  there  were  no  trypanosomes 
in  the  part  that  has  been  cut  off.     24  houi-s.     Magnified  111. 
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pyloric  region  passing  down  the  intestine.  Many  of  these  free  fonns, 
whether  central  or  pei-ipheral  in  position,  are  in  clumj)s  and  are  possibly 
degenerative. 

Intracellular  trypanosomes  are  not  found  in  the  posterior  half  of  the 
stomach,  but  towards  the  middle  a  few  detached  infected  cells  are 
found  here  and  there.  In  the  anterior  region  there  is  a  very  large 
patch  of  infected  epithelium  in  situ  and  also  two  smaller  patches. 

Interpretation. —  Inti'acellular  multiplication  is  proceeding 
actively  in  the  anterior  region,  and  a  new  attack  on  the  epitlielium  is 
preparing  all  along  one  side  of  the  stomach.  At  the  same  time,  trypano- 
somes are  passing  down  in  large  numbers  towards  the  rectum  and  there 
are  many  degenerative  clumps. 

(13)  (Text-fig.  11).  From  another  batch  preserved  in  Maier's  fluid- 
A  large  stomach  running  through  255  sections. 

Extracellular  trypanosomes  very  scanty,  pi-actically  confined  to 
posterior  half  of  stomach,  all  attached  except  in  pyloric  region,  where 
there  are  a  few  scattered  freely  in  the  debris.  Many  of  the  attached 
trypanosomes  are  in  clumps,  perhaj^s  degenerative. 

Intracellular  trypanosomes  only  in  anterior  region,  very  scarce. 

Interpretation. — The  stomach-phase  seems  to  be  maintaining 
itself  with  difiiculty  in  this  flea ;  the  trypanosomes  are  few  in  number 
and  largely  degenerative,  but  a  few  are  passing  backwards. 

(14)  Text-fig.  12).  From  the  same  batch  as  the  last.  A  large 
stomach,  running  through  about  225  sections. 

In  the  anterior  third,  approximately,  of  the  stomach  extracellular 
trypanosomes  are  abundant,  both  free  in  the  debris  and  attached  to 
the  epithelium,  but  there  are  no  intracellular  stages. 

In  the  region  behind  this,  approximately  the  middle  third  or  fourth 
of  the  stomach,  there  are  no  extracellular  trypanosomes,  either  free  or 
attached,  but  a  very  extensive  intracellular  infection  is  found,  confined 
for  the  most  part  to  the  right  side  of  the  sections,  where  almost  the 
whole  of  the  epithelium,  with  the  exception  of  the  crypts,  has  been 
attacked ;  the  reconstruction  shows  very  well  the  clear  spaces  which 
represent  the  situations  of  the  epithelial  crypts. 

In  the  posterior  third  of  the  stomach  a  i-emarkable  condition  of  things 
is  found.  On  the  right  side  of  the  sections  there  are  still  numenms 
intracellular  trypanosomes,  but  no  attached  exti-acellular  parasites  5 
on  the  left  side  of  the  sections  there  are  very  numerous  extracellular 
trypanosomes,  attached  or  in  close  proximity  to  the  epithelium,  but 
none  intracellular.  Scattered  through  the  debris  are  many  free  try- 
panosomes which  are  also  passing  down  the  intestine. 

Interpretation. — A  stomach  in  which  intracellular  multiplication 
is  still  proceeding  actively  and  from  which  trypanosomes  are  passing 
down  towards  the  rectum. 
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Heconstruction   of  anotlier  stomacli. 
about  83"5. 


2-1  hours.     Magnified 
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(15)  From  a  batch  preserved  in  sublimate-acetic.  A  large  stomach 
which   passes  through   241  sections  without  quite   reaching  pylorus. 

About  10  extracellular  trypanosomes.  most  of  them  attached  to  the 
epithelium,  are  found  in  the  hindermost  sections. 

No  intracellular  trypanosomes  are  to  be  found. 

Interpretation. — A  stomach  in  which  the  intracellular  multi- 
plication is  either  completed  or  almost  inhibited. 


(b)   The  Migration  to  the  Rectum. 

As  stated  above,  the  trypanosomes  occurring  in  the  intestine 
are  usually  in  transit  from  the  stomach  to  the  rectum,  and  only 
exceptionally  attach  themselves  to  the  intestinal  wall  or 
undergo  further  development  there.  We  have  been  able  on 
more  than  one  occasion  to  observe  the  actual  passage  of  the 
trypanosomes  along  the  intestine.  In  a  flea  which  had  fed 
on  an  infected  rat  about  twenty-four  hours  previously,  the 
stomach,  with  a  considerable  length  of  the  intestine  attached, 
was  dissected  out  on  a  slide  partly  teased  up  and  covered 
with  a  glass  slip  ;  the  posterior  part  of  the  stomach,  however, 
with  the  intestine  attached,  was  left  intact.  Close  to  the 
pylorus  the  stomach  contained  fluid  in  which  a  great  number 
of  brown  granules  were  suspended,  coarse  granules  of  fgecal 
appearance  evidently  representing  indigestible  residue  of  the 
last  meal.  These  granules  could  be  seen  to  be  in  a  state  of 
violent  commotion,  more  violent  than  could  be  explained 
merely  by  Brownian  movement,  since  they  were  being  churned 
and  stirred  iu  every  direction;  but  although  there  could  be 
little  doubt  but  that  the  movements  were  due  to  the  activity 
of  trypanosomes,  the  flagellates  themselves  could  not  be 
seen  clearly  in  the  opaque  fluid  through  the  stomach-wall. 
Soon,  however,  a  bolus  of  fluid  passed  through  the  pylorus 
into  the  intestine  and  passed  down  it  by  peristaltic  action, 
pushed  onwards  like  a  bead,  until  it  reached  the  cut  end  of 
the  intestine  and  was  extruded  from  it.  It  was  then  seen  at 
once  that  the  fluid  contained,  in  addition  to  the  fascal  granules, 
a  swarm  of  excessively  active  trypanosomes,  long  and  relatively 
slender  forms  with  great  powers  of  rapid  forward  progression. 
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They  began  at  once  to  spread  in  all  directions  in  the  fluid  ; 
but  at  this  moment  the  coverslip  was  picked  ofl^  with  needles 
and  dropped  instantly  into  Schaudinn's  fluid;  after  it  had 
been  stained  and  mounted  it  was  found  that,  by  a  piece  of 
good  luck,  the  stomach  and  intestine  had  remained  sticking 
to  the  coverslip,  and  that  round  the  cut  end  of  the  intestine 
were  several  trypanosomes  of  the  long  stomach-type  (PL  42, 
figs.  203,  204),  evidently  some  of  those  that  had  been  seen  to 
pass  down  the  intestine.  In  two  other  fleas,  fed  respectively 
twenty-four  and  eighteen  hours  previously  on  infected  rats, 
we  were  able  to  confirm  our  observations  on  the  passage  of 
the  trypanosomes  down  the  intestine  and  to  obtain  prepara- 
tions of  them  (PI.  37,  fig.  50). 

It  is  unnecessary  to  give  a  detailed  description  of  the 
migratory  trypanosomes,  since  it  is  evident  from  the  figures  that 
they  are  simply  of  the  long  stomach-type  already  described. 
They  are  very  active,  and  in  form  crithidiomorphic,  with  the 
hinder  part  of  the  body  stiff  and  straight,  sometimes  slightly 
or  even  markedly  clubbed  and  swollen.  The  two  nuclei  are 
more  or  less  closely  approximated,  but  ?i  is  almost  always  well 
behind  N.  It  is  seen  from  this  that  the  trypanosomes  result- 
ing from  the  intracellular  multiplication  in  the  stomach  may 
do  one  of  two  things  ;  they  may  penetrate  again  into  epithelial 
cells  and  go  through  another  generation  of  multiplication  ; 
or  they  may  collect  in  the  pyloric  region  and  be  carried  down 
the  intestine  (compare  PI.  45).  The  migration  may  begin  as 
has  been  seen,  as  early  as  eighteen  hours,  but  this  appears 
to  be  rather  exceptionally  early,  to  judge  from  our  observa- 
tions on  the  rectal  phase;  probably  it  does  not  usually  begin 
till  twenty-four  or  thirty-six  hours.  It  continues,  doubtless,  as 
long  as  the  stomach-phase  lasts,  and  as  already  stated,  we  have 
found  intracellular  stages  as  late  as  five  days  in  fleas  not  fed 
a  second  time;  we  may  suppose,  therefore,  that  the  produc- 
tion of  the  migratory  forms  and  their  passage  down  to  the 
rectum,  may  be  going  on  continually,  in  some  cases,  until  the 
second  feed  of  the  flea.  In  other  cases,  however,  the  multi- 
plication in  the  stomach  probably  comes  to   an  end  of  itself, 
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before  tlie  second  feed,  judging  by  the  many  observed 
instances  in  wliicli,  in  fleas  not  fed  a  second  time,  the  stomach 
may  contain  many  long  free  trypanosomes,  or  the  rectal 
phase  may  be  well  established,  without  any  intracellular 
multiplication  occurring  in  the  stomach. 

(c)     The  Rectal  Phase. 

The  starting  point  of  the  rectal  phase  is  the  long,  active 
^'  crithidiomoiphic"  type  of  trypanosomes  already  described, 
which  migrates  down  the  intestine.  During  its  passage  down 
the  intestine  the  changes  of  form  and  structure  which  may 
have  begun  already  in  the  stomach  continue,  so  that  by  the 
time  it  reaches  the  rectum  its  posterior  end  is  generally 
<!istinctly  club-shaped.  Arrived  in  the  rectum,  it  very  soon 
undergoes  changes  in  form,  habits  and  structure,  and  multi- 
plies by  binary  fission,  giving  rise  ultimately  to  the  tj^pical 
forms  of  the  established  rectal  phase,  forms  which,  apart  from 
other  characters,  are  of  much  smaller  size  and  bulk  than 
those  of  the  stomach-phase.  We  will  discuss  first  (a)  the 
transition  from  the  initial  to  the  established  forms  of  the 
rectal  phase,  and  then  {h)  the  various  types  of  modifications 
of  the  latter,  culminating  in  the  little  trypanosome-form, 
which  is  the  final  stage  of  the  development  of  the  flea. 

(o)   The  Transition  to  the  Crithidial  Form. 

If  the  various  processes  of  change  in  the  initial  stages  of 
the  rectal  phase  be  analyzed,  after  study  of  both  living  and 
preserved  material,  and  by  comparing  the  starting  point  of 
this  part  of  the  development  with  its  final  i-esult,  we  may  note 
the  following  tendencies  in  the  organism. 

In  the  first  place  it  loses  its  intense  activity  and  becomes 
more  sluggish  in  movement,  with  a  great  tendency  to  attach 
itself  by  the  tip  of  the  flagellum  ;  under  natural  conditions 
the  flagellate  attaches  itself  to  the  wall  of  the  hind-gut,  but 
when  under  microscopic  examination  it  can  be  seen  to  adhere 
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firmly  to  pieces  of  debi-is  of  any  kind,  or  to  the  surface  of 
the  glass  slide  or  coverslip.  When  not  attached  in  this  way 
it  progresses  slowly  with  the  flagellum  directed  forwards. 

Secondly,  the  body  shortens  and  changes  in  form  by  the 
cytoplasm  becoming  concentrated  towards  the  posterior  end 
of  the  body. 

Thirdly,  the  flagellnm  becomes  progressively  shortened. 

Fourthly,  the  two  nuclei,  if  still  in  their  original  positions, 
become  transposed  into  the  typical  crithidial  arrangement,, 
with  71  close  beside  or  in  front  of  N. 

Fifthly,  the  nuclei,  the  flagellum,  and  finally  the  whole 
body  are  multiplied  by  division  or  reduplication. 

The  order  in  which  these  different  'processes  of  change 
have  just  been  stated  is  in  no  way  to  be  taken  as  indicating 
their  chronological  order  of  succession  in  the  development, 
since  they  take  place  more  or  less  independently  and,  as  it 
were,  at  different  rates  of  acceleration  in  different  indi- 
viduals ;  the  result  is  consequently  the  production  of  a  great 
number  of  forms  which  at  first  are  rather  bewildering  and  diffi- 
cult to  arrange  in  a  series.  The  difficulty  of  tracing  in  detail 
the  transition  from  the  initial  stage  of  the  rectal  phase  to  the 
established  crithidial  condition  is  increased  by  the  fact  that 
the  early  transitional  stages  are  extraordinarily  rare  and  diffi- 
cult to  find  in  the  permanent  preparations ;  a  fact  which 
indicates  that  the  transition  takes  place  very  rapidly  and  is 
completed  very  quickly.  One  explanation  of  this  rapid 
change  may  perhaps  be  found  in  the  great  diminution  in  size 
which  is  brought  about  in  this  part  of  the  development. 
Leaving  out  of  consideration  for  the  moment  any  structural 
or  other  changes,  it  is  at  least  quite  clear  that  the 
large  individuals  which  come  down  from  the  stomach 
initiate  a  series  of  generations  of  multiplication  by  fission 
culminating  in  forms  perhaps  not  more  than  a  tenth  the  size 
of  the  initial  forms  from  which  they  are  derived.  Conse- 
quently it  is  probable  that  the  successive  divisions  of  the 
body  follow  one  another  at  first  with  extreme  rapidity  and 
without  intervening  pauses  to  allow  the  daughter-individuals 
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to  grow  to  the  size  of  the  parent,  as  would  happen  in  the 
■normal  multiplication  such  as  takes  place  in  the  established 
crithidial  stage.  Another  explanation  for  the  rarity  of  the 
transition-stages  may  be  the  possibility  that  of  the  long 
trypanosome-forms  which  come  down  from  the  stomach  to  the 
rectum,  only  a  small  number  may  go  through  their  metamor- 
phosis into  the  typical  rectal  phase  and  the  greater  number 
may  degenerate  or  be  carried  out  of  the  flea.  Whether  this  be 
true  or  not,  it  is  not  necessary  to  suppose  that  all  those  which 
pass  down  from  the  stomach  do  so  in  a  single  swarm  ;  it  is 
more  probable  that  they  dribble  down  from  the  stomach,  so 
to  speak,  in  larger  or  smaller  bands  or  singly,  a  supposition 
which  would  also  account  for  the  small  number  found  at  any 
one  time  in  the  rectum  undergoing  their  metamorphosis. 

A  further  difficulty  which  may  arise  in  distinguishing  the 
forms  of  the  transition  from  trypanosome  to  crithidia,  and  in 
assigning  them  to  their  proper  position  in  the  series,  is  the 
fact  that  the  body  may  become  artificially  broadened  in  pre- 
parations which  have  been  allowed  inadvertently  to  dry  up 
the  least  bit  before  fixation.  Deformed  specimens  of  this  kind 
can  be  recognized  by  their  flattened  appearance  and  consequent 
even  staining  of  the  body,  which  in  a  properly  preserved 
specimen  should  be  thicker  and  more  opaque  in  the  axial 
retrion  than  towards  the  edges  of  the  body ;  the  trophonucleus 
in  flattened  specimens  is  often  transversely  elongated;  and, 
further,  the  process  of  drying  seldom  affects  a  single 
specimen,  unless  it  is  very  isolated  or  near  the  edge  of  the 
film,  but,  if  it  has  taken  place  at  all,  the  effects  of  desiccation 
are  appai*ent  over  at  least  a  considerable  area  of  the  slide  or 
coverslip.  It  is,  therefore,  not  difficult  with  a  little  practice 
to  detect  the  specimens  which  have  become  broadened  arti- 
ficially ;  and  in  any  case  the  process  of  drying  does  not  affect 
the  length  of  the  body  or  flagellum  to  any  appreciable  extent. 

It  is  a  result,  doubtless,  of  the  rapidity  with  which  the 
transition  is  effected  that  we  have  not  been  able  to  come  to  a 
perfect  agreement  of  opinion  between  ourselves  as  to  certain 
points  of  the  development  during  this    transitional  period, 
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namely,  the  exact  stage  in  the  process  of  change  of  form  at 
which  the  first  division  of  the  initial  rectal  form  (that  is  to 
say,  the  long  club-shaped  forms  that  come  down  from  the 
stomach)  takes  place,  and  consequently  the  type  of  binary 
division,  whether  equal  or  unequal,  which  initiates  the 
whole  series  of  generations  in  the  rectal  phase.  Before 
we  discuss  this  doubtful  point,  we  may  first  classify  the 
various  types  seen  in  the  initial  transitional  stages  of  the 
rectal  phase,  for  which  it  is  simplest  to  take  the  types  of 
body-form  as  the  basis  of  classification.  Bearing  in  mind  the 
considerations  of  technique  that  have  been  discussed  already, 
and  being  careful,  therefore,  to  eliminate  all  cases  where 
there  is  reason  to  suspect  artificial  deformation  of  the 
specimens,  we  can  recognise  the  following  series  of  forms, 
each  of  which  is  a  stage  in  the  progressive  shortening  and 
broadening  of  the  body  by  concentration  of  the  cytoplasmic 
substance  in  the  posterior  third  of  the  original  slender 
trypanosome  : 

(a)  Slender  forms,  differing  but  little  from  the  long 
stomach  type,  and  evidently  but  recently  arrived  in  the  rectum. 
The  flagellum  is  still  long,  and  N  is  usually  in  front  of  n 
(PI.  42,  fig.  208)  ;  sometimes,  however,  the  reverse  is  the  case 
(PI.  42,  fig.  209). 

(b)  Forms  in  which  the  hinder  region  of  the  body,  contain- 
ing the  two  nuclei,  become  swollen  and  club-shaped  (PL  42, 
fig.  206),  and  the  anterior  part  correspondingly  attenuated, 
until  the  body  as  a  whole  becomes  more  or  less  tadpole- 
shaped  (PL  41,  fig.  150 ;  PL  42,  figs.  205,  207) .  The  flagellum 
at  this  stage  is  usually  long,  but  sometimes  distinctly 
shortened  (PL  41,  fig.  158  ;  PL  42,  fig.  210)  .^  The  nuclei  are 
usually  still  in  their  original  relative  positions,  but  are  some- 
times crithidial  in  arrangement  (PL  42,  fig.  211). 

(c)  Forms  in  which  the  concentration  of  the  body-substance 

1  How  the  slioi-tening  of  the  flagellum  takes  place  is  not  clear,  but  it 
is  worthy  of  note  that  in  smears  there  are  often  found  broken  pieces  of 
flagella  near  the  specimens,  as  if  the  flagellum  had  become  brittle  and 
had  broken  off  (PL  41,  figs.  158,  160). 
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ill  the  posterior  half  or  third  of  the  body  has  proceeded  so  far 
that  the  body  is  nearly  half  as  broad  as  long,  and  the  anterior 
prolongation  which  forms  the  undulating  membrane  is  much 
reduced  in  length  and  very  slender.  Examples  of  transitions 
from  the  last  stage  to  this  are  seen  in  PI.  41,  figs.  151,  152  ; 

Text-fig.  13. 


Diagram  to  show  the  possible  modes  of  transition  from  the 
stomach-pliase  to  the  rectal  (crithidial)  phase:  u,  slender  form 
newly  arrived  from  the  stomach  (compare  PI.  42,  fig.  208,  etc.) ; 
h,  early  club-shaped  form  (compare  PL  42,  fig.  205,  etc.) ;  c,  later 
(more  swollen)  club-shaped  form  (compare  PI.  41,  fig.  149) ; 
cc,  unequal  division  of  c  (hypothetical);  d,  large  pear-shaped 
form  (compare  PI.  41,  figs.  154, 155,  etc.) ;  dd,  division  of  d  (com- 
pare PI.  41,  fig.  179) ;  e,  forms  resulting  from  the  initial  division 
of  the  rectal  phase  (compare  PI.  41,  figs.  153, 157,  164,  etc.).  ( x 
about  2000.) 


the  complete  realisation  of  this  stage  is  seen  in  PI.  41,  figs.  149, 
154, 162  ;  PI.  42,  fig.  212.  From  a  comparison  of  the  figures 
it  is  seen  that  the  position  of  the  nuclei  varies  considerably; 
n  may  still  be  at  or  near  the  hinder  end  (PI.  41,  fig.  162),  or 
may  be  close  beside  N  (PI.  41,  figs.  149,  154  ;  PI.  42,  fig.  212). 
The   hinder   end    may   be    pointed,    or    quite    round.      The 


THE    EAT-TRYPANOSOME,    TRYPANOSOMA    LEWISI.        575 

flagellum  may  still  be  a  fair  length,  or  quite  short  (PI.  41, 
fig.  162). 

(d)  Forms  in  Avhich  the  body  is  contracted  into  a  pear- 
shaped  mass,  nepa-l}'-  as  broad  as  long.  The  stalk  of  the  pear 
is  formed  by  the  flagellum  together  Avith  a  slight  projection 
of  the  body  representing  the  anterior  prolongation,  now 
usually  reduced  to  its  smallest  limits  (PI.  41,  figs.  155,  156, 
161 ;  PI.  42,  fig.  215).  The  nuclei  are  usually  transposed,  n 
being  beside  or  in  front  of  N.  The  length  of  the  flagellum 
varies  within  Avide  limits  represented  by  PI.  41,  figs.  155  and 
156. 

(e)  Forms  which  are  distinguished  from  the  preceding  stage 
■chiefly  by  their  smaller  size.  Here  again,  however,  caution 
is  necessary  in  referring  a  given  specimen  to  its  place  in  the 
series,  since  the  apparent  size  in  permanent  preparations  may 
be  affected  considerably  by  technique.  In  the  preparations 
iixed  on  the  slide  with  osmic  vapour  and  stained  by  Griemsa's 
method  the  trypanosomes  always  appear  considerably  larger 
than  those  on  the  coverslips  fixed  wet  with  sublimate 
solutions,  stained  with  hsematoxylin  and  mounted  without 
drying  in  Canada  balsam  (vide  Minchin,  1909).  Conse- 
quently, different  standards  of  sizes  are  required  for  inter- 
preting preparations  made  by  these  two  diffei'ent  methods  of 
procedure,  and  preparations  made  by  the  one  method  must 
not  be  compared  directly,  without  making  due  allowance  for 
the  differences  in  result,  with  those  made  out  by  the  other 
method.  Nevertheless,  after  giving  due  weight  to  these 
considerations,  it  is  not  diflScult  to  distinguish  forms  which 
are  about  half  the  bulk  of  the  stages  already  described 
(PI.  41,  figs.  153,  159,  160,  164;  PI.  42,  fig.  218).  Such  forms 
are,  without  doubt,  individuals  derived  from  at  least  one, 
possibly  more  than  one,  division  of  the  initial  form,  a  conclu- 
sion supported  by  the  occurrence  of  such  forms  in  pairs, 
possibly  as  the  result  of  division  recently  completed  (PI.  41, 
fig.  157;  PI.  42,  fig.  216a). 

The  question   which   must  remain   open  at  present  is,  in 
which  of  the  four   stages  of  changes  of  form  (a),   (6),    (c),   or 
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{d)  (see  Text-fig.  13),  does  the  initial  division  of  the  rectal 
phase  take  place  ? 

If,  as  is  possible,  and  as  one  of  us  (J.  D.  T.)  thinks  probable, 
the  first  division  takes  place  in  the  club-shaped  form  as  soon 
as  the  concentration  of  the  protoplasm  is  completed  and 
when  (as  in  Text-fig.  13,  c)  the  two  nuclei  lie  close  together, 
it  may  well  be  the  case  that  the  products  of  division  would 
then  be  markedly  unequal  in  appearance  owing  to  the  reten- 
tion of  the  old  flagellum  by  one  of  the  two  daughter-indi- 
viduals; that  is  to  say,  the  division  would  be  of  the  type 
found  in  similar  club-shaped  forms  in  the  trypanosome  of  the 
gold-fish  both  in  cultui-es  and  in  the  leech,  and  in  bird- 
ti-ypanosomes  both  in  cultures  and  in  the  mosquito,  and  which 
has  also  been  seen  in  an  early  culture  of  T.  lewisi  itself. 
On  this  view  the  swollen,  pear-shaped  forms  of  stage  d  would 
have  to  be  interpreted  as  forms  subsequent  to,  and  the  pro- 
ducts of,  the  initial  division.  In  spite  of  much  searching, 
however,  through  our  preparations,  we  have  been  unable  to 
find  actual  examples  of  club-shaped  forms  showing  division 
markedly  unequal  in  appearance. 

If,  on  the  other  hand,  as  one  of  us  (E.  A.  M.)  believes,  it  is 
the  most  usual  state  of  things  for  the  organism  to  continue 
the  process  of  contraction  and  broadening  of  the  body  until 
it  has  reached  the  condition  of  stage  d,  it  is  probable  that 
the  flagellate  would  then  divide  by  the  type  of  binary  fission 
characteristic  of  the  subsequent  generations  of  the  crithidial 
phase,  that  is  to  say,  producing  two  daughter-individuals  that 
are  equal,  or  not  mai'kedly  unequal  in  bulk,  and  differing 
only  in  that  one  of  them  has  the  flagellum  temporarily  shorter 
than  that  of  the  other.  PI.  41,  figs.  179,  180,  and  PI.  42, 
fig.  216,  may  then  be  interpreted  as  examples  of  the  initial 
division,  and  PI.  41,  fig.  157  and  PL  42,  fig.  216  a,  as  pairs 
resulting  from  the  initial  division  recently  completed. 

The  problem  of  the  initial  division  of  the  trypanosomes  in  the  rectum 
is  one  which  involves  more  than  the  question  as  to  the  type  of  form, 
ckib-shaped  or  pear-shaped,  in  which  the  division  takes  place,  or  the 
question  whether  the  products  of  division  differ  in  visible  characters  of 
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bulk,  structure,  or  appearance ;  it  raises  a  much  deeper  and  more 
fundamental  problem,  namely,  -whet her  the  division  -which  initiates  the 
rectal  phase  is  an  equating  division  which  gives  rise  to  two  equi- 
potential  daughter-individuals  or  a  differentiating  division  -which  pro- 
duces inequipotential  forms.  If  the  division-products  are  equipotential, 
then  -visible  differences  between  them  of  any  kind  -would  be  merely 
temporary  and  of  no  significance  for  the  future  behaviour  and  destiny 
of  the  sister-individuals,  -which  would  be  tme  t-wins  ;  all  such  differences, 
however  pronounced,  would  be  immaterial  for  the  development  as  a 
whole,  and  the  same  would  apply  to  the  parent  individual,  whether  club- 
shaped  or  pear-shaped.  If,  on  the  other  hand,  the  daughter-individuals 
are  inequipotential,  in  the  sense  that  the  smaller  of  the  two  division- 
products  becomes  the  stai-ting  point  of  an  indefinite  number  of  genera- 
tions of  small  crithidial  individuals,  while  the  larger  is  merely  a  "  parent " 
which,  though  it  may  divide  in  the  same  manner  to  produce  small 
crithidial  forms  several  times  in  succession,  does  not  ultimately  develop 
further,  but  drops  out,  as  it  were,  of  the  direct  line  of  the  development 
when  its  powers  of  rei^i'oduction  are  exhausted ;  if  they  are  inequi- 
potential in  this  sense,  it  follows  that  the  obseiwed  difference  between  the 
two  daughter-individuals  would  have  an  important  significance  and  that 
they  would  not  then  be  tiiie  t-wins,  and  further,  that  the  club-shaped  form, 
assuming  that  this  is  the  form  in  which  di-vision  takes  place,  would  then 
be  a  developmental  form  of  special  and  peculiar  significance  in  the  life- 
cycle  and  not  merely  a  stage  in  the  change  of  fonn  leading  to  the  pear- 
shaped  stage.  We  must  be  content,  unfortunately,  with  enunciating 
these  possibilities,  -without  being  in  a  position  to  decide  between  them  ; 
owing  to  the  fact,  to  which  reference  has  been  made  above,  that  the 
extreme  rarity  of  transitional  f  onus  in  oiu*  preparations  has  supplied  us 
with  insufficient  material  for  a  decisive  judgment. 

The  type  of  the  initial  division  and  the  exact  point  at  which 
it  occurs  in  the  series  of  progressive  form-changes  of  the 
rectal  phase  must  be  left  at  present  an  open  question,  unfor- 
tunately ;  but  this  much  may  be  stated  positively  about  the 
process  of  division  in  the  rectal  phase  in  all  cases,  whether  in 
the  initial  or  subsequent  stages.  No  multiple  division  occux's 
henceforth  in  the  developmental  cycle,  but  the  parasites  settle 
down  to  a  course  of  simple  biuavy  fission  continued  indefi- 
nitely, and  always  taking  place  in  the  lumen  of  the  gut,  never 
within  cells.  The  process  of  fission  is  initiated  by  division  of 
the  blepharoplast  or  basal  granule  of  the  flagellum,  but  the 
flagellum    itself    does    not    divide;    the    original    or    parent 
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flasrellum  remains  attached  to  one  of  the  two  daughter- 
blepharoplasts  and  a  new  flagellum  grows  out  from  the  other 
blepharoplast.  The  division  of  n  follows  hard  upon  that  of 
the  blepharoplast,  then  iV  starts  its  division,  and  finally  the 
whole  body  divides  ;  of  the  two  daughter-flagellates  produced, 
one  has  the  original  flagellum^  the  other  has  to  grow  a  new 
one,  which  it  may  not  do,  in  some  cases,  until  after  complete 
separation  from  its  twin  sister.  In  any  case,  one  of  the  two 
products  of  division  has  a  much  shorter  flagellum  than  the 
other,  irrespective  of  any  difference  in  bulk  between  the  two. 
As  already  stated,  while  these  changes  of  form  and  pro- 
cesses of  multiplication  are  going  on  the  flagellate  is  also 
undergoing  a  change  which,  though  a  very  small  tiling  in 
itself,  produces  nevertheless  the  characteristic  morphological 
distinction  between  the  tiypaniform  and  crithidial  types; 
namely,  the  approximation  and  final  transposition  of  the  two 
nuclei,  so  that  n  comes  to  lie  beside,  or  even  well  in  front  of, 
N.  The  approximation  of  the  two  nuclei  begins  with  the 
fii'st  alteration  and  changes  of  form,  but  the  exact  point  in 
the  development  at  which  the  change  of  position  of  the  two 
nuclei  is  completed  is  subject  to  great  variation.  Very 
exceptionally,  as  has  been  described  above,  the  transposition 
of  the  nuclei  may  be  complete  in  the  stomach  itself,  but  more 
usually,  it  may  be  said  normally,  the  change  does  not  take 
place  until  the  flagellate  reaches  the  rectum.  4-ny  of  the 
forms  distinguished  above  as  a,  b,  c,  d  or  e,  may  be  found 
with  the  nuclei,  but  slightly  or  completely  approximated,  and 
finally  in  the  clumps  of  developmental  forms  such  as  that 
represented  in  PI.  41,  figs.  182-184,  evidently  consisting  of 
forms  which  have  completed  several,  at  least  two  or  three 
generations  of  fission  since  arriving  in  the  rectum,  all  stages 
in  the  process  of  transposition  oi  n  or  N  are  to  be  observed. 
Since  the  small  forms  of  the  established  rectal  phase  show 
invariably  the  typical  crithidial  arrangement  of  the  nuclei,  all 
that  can  be  said  is  that  the  change  in  position  of  the  nuclei 
is  effected  earlier  or  later,  but  without  fail,  in  the  transition 
from  the  stomach-phase  to  the  rectal  phase. 
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The  successive  generations  of  tlie  transitional  rectal  phase 
cannot  be  distinguished  with  precision.  The  size  to  which 
the  individuals  are  diminished  after  a  given  number  of 
generations  is  determined  by  two  variable  factors  during 
those  generations,  namely,  the  rate  of  individual  growth  and 
the  frequency  with  which  multiplication  takes  place.  All 
that  can  be  said  is  that  the  rectal  forms  diminish  in  size  by 
repeated  division  until  they  reach  a  minimum  size  which 
is  attained  when  growth  and  multiplication  balance  each  other 
more  or  less  evenly;  and  that  in  the  rectal  infections  of 
recent  origin  the  average  size  of  the  individual  flagellates  is 
slightly  largei",  as  a  rule,  than  in  the  old-established  infections. 

(6)  The  Established  Eectal  Phase. 

In  its  fully-established  and  definitive  condition  the  rectal 
phase  consists  chiefly  of  small  crithidial  individuals  which 
multiply  by  binary  fission,  attached  to  the  wall  of  the  gut 
by  their  flagella  or  by  the  anterior  (flagellar)  extremity  of 
the  body.  The  crithidial  stage  appears  normally,  if  not 
invariably,  to  take  origin  in  the  rectum  in  the  manner  described 
in  the  preceding  section,  and  this  part  of  the  digestive 
tract  is  its  most  usual  and  characteristic  habitat ;  consequently 
we  have  made  use  of  the  term  "  rectal  phase  "  for  this  part 
of  the  development,  in  spite  of  the  fact,  presently  to  be  dis- 
cussed in  more  detail,  that  the  crithidial  and  other  forms  of 
this  phase  may  be  found  not  uncommonly  in  other  parts  of 
the  gut,  more  especially  in  the  intestine  close  behind  the 
pylorus,  but  also  in  the  stomach  itself. 

In  one  flea  we  have  found  the  rectal  phase  well-established  so 
eai'ly  as  eighteen  hours  after  the  infective  feed  (Text-fig.  14), 
and  in  another  flea  we  found  a  few  typical  examples  of  this 
phase  at  twenty-four  hours,  but  both  these  examples  are 
abnormally  early  cases  of  the  fully-developed  crithidial  phase, 
which,  in  our  experience,  is  seldom  completely  established 
before  thirty-six  or  forty-eight  hours  after  the  infective 
feed. 
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The  extent  to  which  the  crithidial  infection  is  developed  in 
different  fleas  varies  greatly,  from  a  swarming  infection  cover- 
ing the  wall  of  the  rectum  like  a  pile-carpet,  especially  in  the 
region  behind  the  rectal  papillae,  to  a  condition  in  which  a 
few  scanty  flagellates  are  to  be  found  only  by  careful  search- 
ing ;  in  either  case,  however,  the  crithidial  stage  represents 

Text-fig.  14. 


Various  forms  from  tbe  rectum  of  a  flea  eighteen  hours  after  the 
infective  feed,  a,  b,  c  and  d  are  probably  degenerative  forms, 
the  rest  developmental;  e  and/,  early  rectal  forms,  g-1,  hapto- 
monads  ( x  2000). 

the  permanent  stock  of  the  parasites  in  the  flea,  multiplying 
continually  and  indefinitely  and  maintaining  itself,  in  all 
probability,  as  loug  as  the  flea  lives.  We  have  succeeded  in 
keeping  a  single  flea  alive  for  nearly  three  months,  and  during 
that  time  seven  rats  were  infected  by  it  (see  p.  640  below). 
This  permanent  infectivity  can  only  be  explained  by  the 
establishment  of  the  crithidial  stock  in  the  rectum  and  its 
continued  multiplication.  Each  crithidial  individual  may  do 
one  of  two  things  :  it  may  multiply  by  binary  fission  to  produce 
two  crithidial    forms    (multiplicative   phase)  ;    or  it  may  be 


THE   EAT-TRYPANOSOME,    TKYPANOSOMA    LEWISI.        581 

transformed  gradually  into  small  stumpy  trypaniform  indi- 
viduals (final  propagative  phase).  Hence  tlie  flagellates  of 
the  rectal  stock  may  be  classified,  broadly-speaking,  into 
crithidial,  transitional  and  trypaniform  individuals. 

The  forms  that  occur  in  a  well-established  rectal  infection 
are  very  varied,  and  it  is  a  somewhat  difficult  task  to  classify 
them  and  to  assign  to  each  and  every  form  its  due  place  in 
the  developmental  series.  To  obtain  a  general  notion  of  the 
various  types  met  with,  it  is  best  to  examine  fleas  some  eight 
or  nine  days  after  they  have  fed  once  on  an  infected  rat  and 
subsequently  on  clean  rats,  so  as  to  obtain  the  rectal  phase  in 
its  typical  condition,  free  from  admixture  of  earlier  develop- 
mental or  degenerative  forms.  Such  fleas  may  have  no 
flagellates  at  all  in  their  rectum  or  may  present  every  grada- 
tion between  an  extremely  scanty  and  a  swarming  infection. 

If  a  rectum  containing  numerous  flagellates  be  examined 
fresh  after  having  been  dissected  out  in  salt-citrate  solution, 
opened  up  by  tearing  it  with  fine  needles,  and  then  covered 
with  a  coverslip,  the  majority  of  the  flagellates  are  seen 
attached  to  the  wall  of  the  rectum,  chiefly  in  the  region 
behind  the  rectal  papillae.  Many  of  them  will  have  become 
detached  as  the  result  of  the  dissection,  and  will  be  seen 
floating  about  singly  or  adhering  together  in  larger  or  smaller 
clumps.  If  the  preparation  be  sealed  up  carefully  and 
watched  for  some  time  many  of  those  that  lie  about  singly 
will  attach  themselves  to  the  glass  of  the  slide  or  coverslip, 
and  it  can  be  seen  very  clearly  in  all  cases,  whether  in  the 
forms  still  attached  to  the  rectal  wall  or  in  those  set  free  in 
clumps  or  singly,  that  the  attachment  is  by  the  tip  of  the 
flagellum  or  by  the  flagellar  extremity  of  the  body  in  those 
that  have  no  free  flagellum.  The  flagellates  maybe  attached 
to  the  rectal  wall  in  such  numbers  and  so  closely  crowded 
together  that  they  resemble  a  furry  lining  or  pile  on  it.  Seen 
in  profile  they  appear  in  serried  ranks,  each  in  contact  with 
its  neighbours  ;  seen  in  surface  view  they  present  the  appear- 
ance of  a  honeycomb,  each  flagellate  in  optical  transverse 
section,  showing  outlines  nearly  polygonal  as  the  result  of 
mutual    pressure.       In    the    living    condition    the   attached 
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critliidias  are  motionless  for  the  most  part,  but  occasionally  a 
given  individual  performs  a  kind  of  jerky  nutating  move- 
ment; the  body,  remaining  attached,  sways  rapidly  from  one 
side  to  the  other,  with  a  slight  curvature  of  the  axis.  After 
bending,  first  to  one  side  and  then  to  the  othex*,  in  this  way 
the  animal  remains  quiescent  for  a  time,  but  when  there  are 
a  large  number  of  the  flagellates,  there  is  scarcely  a  moment 
m  which  one  or  another,  or  several  at  once  here  and  there, 
are  not  performing  these  movements. 

In  addition  to  the  attached  forms,  with  the  flagellum  for 
the  most  part  very  short  or  wanting  altogether,  there  are 
usually  a  certain  number  of  free  forms.  Some  of  these  are 
crithidial  in  form,  with  the  undulating  membrane  feebly 
developed  and  scarcel}',  if  at  all,  recognisable,  and  with  a 
distinct  free  flagellum,  often  quite  long.  The  function  of 
these  flagellated  forms  appears  to  be  that  of  migrating  in 
order  to  colonize  other  parts  of  the  wall  of  the  gut.  When 
a  clump  of  attached  forms  has  been  multiplying  actively 
at  one  spot  it  doubtless  tends  to  become  overcroAvded,  at 
least  in  its  central  part.  Then  probably  one  of  two  things 
may  happen  ;  some  of  the  critliidias  may  become  transformed 
into  the  final  trypauosome-form  and  detached  from  the  clump; 
or  a  certain  number  will  develop  flagella,  remaining* 
crithidial  in  type,  migrate  to  another  part,  and  attach  them- 
selves again. ^ 

Besides  the  crithidial  forms  with  long  flagellum  there  can 
be  seen  free  forms,  also  with  a  flagellum  of  variable  length, 
but  with  a  distinct  undulating  membrane  running  along  the 
whole  or  greater  part  of  the  length  of  the  body,  which 
appears  more  flexible  and  performs  sinuous  uudulatory 
movements  more  or  less  distinctly.  These  forms  are  the 
little  trypanosomes,  or  transitional  stages  in  their  develop- 
ment, the  forms  which  constitute   the  final  infective  stage  of 

'  One  of  us  has  seen  in  the  living  rectum  a  crithidia  with  a  long 
flagellum  become  detached  from  the  rectal  wall,  swim  actively  across  the 
I'ectal  cavity,  with  its  flagellum  directed  foi-^vards,  and  attach  itself 
again  to  the  wall  on  the  side  opj)osite  to  its  former  attachment. 
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the  cycle  in  the  flea  (so-called  "  metacyclical  trypanosomes  '^ 
of  Brumpt) . 

We  can  thus  distinguish  in  the  rectum  of  the  flea  three 
principal  types  of  individuals,  each  of  which  varies  con- 
siderably in  size  and  details  of  form,  and  between  which  are 
to  be  found  every  possible  transition,  namely  : 

(1)  The  attached  or  haptomonad^  form,  which  is  the 
multiplicative  stage  of  the  rectal  development. 

(2)  The  free  or  nectomonad^  form. 

(3)  The  final  trypanosome-form. 

The  many  variations  of  these  three  types  and  the  transi- 
tions between  them  cause  the  rectal  phase  of  the  develop- 
ment to  present  a  variety  of  form  which  is  at  first  very 
bewildering,  but  which  becomes  easily  intelligible  if  the 
classification  into  the  three  types  given  above  be  used  as 
the  key.  It  may  be  noted  here  that  it  is  very  common, 
in  the  development  of  other  trypanosomes,  for  the  crithidial 
phase  to  exhibit  great  variation  in  size,  form,  and  structure. 
Compare  the  works  of  Chagas  on  the  development  of 
T.  cruzi  in  the  bug,  and  of  Miss  Robertson  (1911,  etc.)  on  the 
development  of  the  trypanosomes  of  fishes  in  leeches. 

We  will  now  proceed  to  describe  the  variations  of  these 
types  and  the  transitions  between  them  in  more  detail. 

(1)  The  haptomonad  or  attached  type  is  the  phase  in  which 
multiplication  by  binary  fission  takes  place  ;  consequently  its 
variations  of  form  are  related  mainly  to  the  function  of 
multiplication.  Leaving  out  the  forms  which  are  actually  in 
process  of  division,  we  find  that  chief  variations  in  form  are 
seen  :  first,  with  regard  to  the  shape  of  the  body,  whether 
relatively  slender,  with   the   hinder  end  sharply  or  bluntly 

'  Woodcock  (1914)  has  i^roposed  the  useful  term  "  haptomonad  "  for 
the  attached  i^hase  of  a  Crithidia  or  Leptomonas,  the  so-called 
"  gi-egariniform  "  individuals  of  Leger,  but  of  which  the  resemblance 
to  a  gregarine  is  not  very  striking,  not  at  least  in  the  developmental 
phases  of  Trypanosoma  lewisi.  To  denote  the  locomotor  crithidias 
with  long  flagella  we  propose  the  term  "  nectomonad,"  i.e.  swimming 
monad,  as  a  correlative  to  haptomonad,  fixed  monad. 
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pointed,  or  stouter,  with  rounded  hinder  end,  or  finally  ovoid 
or  even  globular  in  form  ;  secondly,  with  regard  to  the  extent 
to  which  the  flagellum  is  developed. 

The  typical  haptomouad,  when  not  preparing  for  division, 
has  the  body  spindle-shaped  or  pear-shaped  with  the  thickest 
part  anteriorly  in  front  of  the  nuclei,  and  the  hinder  end 
more  or  less  sharply  pointed  (PI.  41,  figs.  174,  176,193;  PI.  42, 
fig.  252).  The  two  nuclei  are  usually  close  together,  situated 
either  about  the  middle  of  the  body  or  nearer  to  the  hinder 
end;  n  is  either  just  in  front  of  iV^  or  close  beside  it.  The 
cytoplasm  has  a  great  tendency  to  stain  very  dark  by  any 
method,  especially  towards  the  hinder  end.  After  Giemsa 
the  body  has  a  purplish-blue  tinge  ;  after  Twort's  combination 
of  neutral  red  and  Lichtgriin  it  is  seen  to  be  full  of  very  fine 
granules,  stained  red  and  scattered  irregularly  (PL  38,  figs. 
260a-263o)  ;  from  these  reactions  it  is  evident  that  the 
opacity  of  the  body  is  due  to  the  deposition  in  the  cytoplasm 
of  very  fine  "  chromatoid  "  grains,  probably  of  the  nature  of 
volutin.  The  cytoplasm  is  usually  free  from  coarse  granula- 
tions, which  are,  however,  present  occasionally. 

In  preparation  for  division  the  hinder  end  of  the  body 
begins  to  swell  and  to  become  rounded  at  the  hinder  end, 
while  the  nuclei  are  shifted  more  posteriorly.  In  consequence 
the  body  becomes  pear-shaped,  but  in  the  opposite  manner  to 
that  previously  described,  since  now  the  thickest  part  of  the 
pear  is  the  posterior  end,  while  the  anterior  extremity  of  the 
body  is  narrowed,  with  the  flagellum  representing,  as  it  were, 
the  stalk  of  the  pear  (PI.  41,  figs.  168,  188;  PL  42,  figs.  231, 
247-249).  In  other  cases  the  body  becomes  evenly  ovoid  or 
even  globular  in  form  (PL  42,  figs.  243-247). 

The  process  of  division  calls  for  no  special  remark  (see 
PL  42,  figs.  213,  214,  226-230,  249,  253,  266).  The 
blepharoplast  or  basal  granule  of  the  flagellum  divides  first, 
one  of  the  daughter-blepharoplasts  retaining  the  old  flagellum 
attached  to  it,  while  the  root  of  the  new  flagellum  begins  to 
grow  out  from  the  other  daughter-blepharoplast  (PL  42,  fig. 
252,  lowest  specimen) .    Following  the  blepharoplast,  n  divides 
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next  and  after  that  N.  Next  the  body  is  constricted  into 
two,  beginning  from  the  anterior  or  flagellar  end  (PI.  42, 
fig.  253).  We  have  never  seen  any  but  binary  fission  of  the 
crithidial  forms ;  multiple  fission  does  not  occur  in  any  form 
at  this  stage.  We  have  also  sought  without  success  for 
multiplication  by  endogenous  budding  (the  so-called  "infec- 
tive granules"  of  Balfour  and  others).  In  Leptomonas 
pattoui  of  the  flea  we  have  found  very  clear  instances  of 
apparent  endogenous  budding  (PI.  42,  figs.  281,  282-284),  and 
PI.  42,  figs.  268,  269  are  rather  suggestive  of  a  similar  process 
occurring  in  the  haptomouads  of  T.  lewi si,  but  further  proof 
of  it  is  lacking. 

The  flagellum  in  haptomouad  forms  is  extremely  short,  and 
as  a  rule  is  reduced  practically  to  its  intra-cellular  root  or 
rhizoplast,  the  projection  beyond  the  limits  of  the  cell-body 
being  very  slight  or  quite  imperceptible.  At  the  point  where 
the  rhizoplast  comes  to  the  surface  at  the  anterior  apex  of  the 
body  there  is  usually  a  fairly  large  and  distinct,  but  often  ill- 
defined  patch  of  substance  which  stains  like  the  flagellum, 
that  is  to  say,  red,  after  Giemsa's  stain,  black  or  greyish- 
black  after  iron-htematoxylin,  and  green  with  Twort's  stain, 
and  which  appears  to  represent  a  secretion  produced  by  the 
flagellate,  a  sort  of  cement  by  which  the  animal  adheres  to 
the  wall  of  the  rectum  (PI.  41,  figs.  174,  178;  PI.  42,  figs.  223, 
226,  243-245,  260,  262,  etc.). 

In  many  cases  the  rhizoplast  fails  to  reach  the  surface  of 
the  body,  or  may  even,  very  exceptionally,  be  absent  altogether 
(PI.  42,  figs.  241-243,  267).  The  body  is  then  always  ovoid  or 
globular  in  form.  In  such  cases  we  have  true  leishmanial 
forms,  which  appear  to  owe  their  origin  to  very  rapid  multipli- 
cation of  the  ordinary  haptomonad  type ;  multiplication  is  so 
rapid  that  one  of  the  two  daughter-individuals  resulting  from 
binary  fission  has  no  time  to  form  completely  its  new  flagel- 
lum or  even  the  rhizoplast,  before  being  split  off  from  its 
twin  sister  and  beginning  to  divide  again.  This  view  receives 
support  from  the  extremely  small  size  which  is  commonly  a 
feature  of  these  leishmanial  forms.     In  no  case  have  we  seen 
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anything  that  could  be  interpreted  as  encystation  or  encapsu- 
lation of  the  leishmanial  forms ;  they  appear  to  represent  a 
purely  trophic  and  multiplicative  phase. 

The  haptomonad  forms  occur  usually,  as  has  been  said, 
attached  to  the  cuticle  lining  the  rectum ;  in  surface  views  of 
the  rectal  wall,  living  or  preserved,  they  may  be  seen  attached 
singly,  in  clumps,  or  in  a  continuous  carpet-like  layer,  and 
exactly  the  same  is  found  in  microtome-sections  of  preserved 
recta  (PI.  44,  fig.  317  ;  PI.  42,  fig.  277).  In  sections  of  a  well- 
infected  rectum  the  haptomonad  forms  are  seen  in  a  long, 
continuous  line,  like  soldiers  on  parade.  But,  both  in  living 
and  preserved  recta,  in  film  preparations  or  in  sections,  free 
clumps  of  haptomonads  are  also  found,  in  which  the  indi- 
viduals all  have  their  flagella  directed  toward  a  certain  point 
(PI.  42,  fig.  274).  In  spite  of  careful  scrutiny  it  is  not  possible 
to  detect  any  body  or  particle  of  debris  at  the  centre  ta 
which  the  monads  are  attached ;  they  appear  to  adhere  simply 
to  one  another  by  their  flagellar  extremities.  The  question 
at  once  ai'ises  whether  these  free  clumps  are  a  natural  or  an 
artificial  condition.  If  they  Avere  only  seen  in  teased-up  recta 
one  could  have  hesitation  in  ascribing  their  detachment  to  the 
manipulation,  but  they  are  found  also  in  sections  of  recta. 
It  is,  of  course,  impossible  to  dissect  out  and  preserve  a  rectum 
without  subjecting  it  to  great  stresses  and  strains  which  might 
detach  the  monads,  but  it  is  remarkable  how  tenaciously  they 
adhere  to  the  wall.  In  one  of  our  series  of  sections  of  a 
rectum  it  can  be  seen  that  it  has  been  badly  torn  in  getting 
it  out ;  part  of  the  torn  wall  has  curled  right  back  and  turned 
inside  out.  The  tear  goes  right  through  an  attached  carpet 
of  crithidias  which  have  nevertheless  remained  adherent  to 
the  wall,  even  on  the  part  that  has  curled  back,  giving  at  a 
first  glance  the  erroneous  impression  that  the  monads  are 
attached  to  the  exterior  of  the  rectum.  They  must,  therefore, 
be  attached  very  firmly  to  the  wall,  which  is  intelligible  when 
it  is  recognised  that  the  crithidial  forms  are  not  the  ripe, 
propagative  stages  of  the  cycle  and  that  if  they  were  carried 
to  the  exterior  with  the  fseces  they  would  be  lost.     For  this 
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reason  alone  it  seems  highly  probable  that  the  free  clumps  of 
crithidial  forms  represent  either  clumps  artificially  detached 
by  manipulation,  or  an  abnormal  condition  of  the  flagellates 
detrimental  to  their  future  welfare.^ 

As  transitions  between  the  nectomonad  and  haptomonad 
phase  we  would  expect  to  find  both  stages  of  the  development 
of  the  nectomonad  into  the  haptomonad,  and  stages  of  the 
development  in  the  reverse  direction.  It  is  of  course  almost 
impossible  to  say,  by  simple  inspection  of  a  transitional  form 
in  a  permanent  preparation,  in  which  direction  it  is  develop- 
ing. We  are  inclined,  however,  to  interpret  as  transitions 
from  the  nectomonad  to  the  haptomonad  the  more  slender 
forms,  with  short  flagella  and  hinder  ends  pointed  or  but 
slightly  blunted,  such  as  PI.  41,  figs.  175,  176;  PI.  42,  figs. 
220,  252 ;  and  as  transitions  in  the  opposite  directions  the 
rounded  or  broad  pear-shaped  forms  with  flagella  of  various 
lengths,  such  as  PI.  41,  fig.  166,  PI.  42,  figs.  231-234,  251,  265. 
In  some  forms  of  the  latter  type  the  distal  ends  of  the  flagella 
are  very  thin,  much  thinner  and  more  delicate  than  the  proxi- 
mal portions  (PI.  42,  figs.  246,  250,  268,  269),  and  we  interpret 
this  appearance  as  indicating  that  the  flagellum  is  in  process 
of  growth  rather  than  of  regression  in  length,  for  the  reason 
that  a  similar  condition  is  seen  in  the  flagella  of  forms 
transitional  to  the  final  trypanosome-type  (PI.  42,  figs.  255- 
257),  in  which  the  flagellum  is  not  likely  to  be  in  process  of 
shortening. 

In  the  series  which  we  interpret  as  transitional  from  the 
haptomonad  to  the  nectomonad  type  we  find  globular  forms 
with  flagella  of  considerable  length  (PI.  41,  fig.  166 ;  PI.  42, 
fig.  234),  and,  since  we  have  not  observed  such  forms 
swimming  freely  in  the  rectum,  we  conclude  that  the  hapto- 
monad, while  attached,  first  develops  its  flagellum  to  a 
considerable  length,  and  then  acquires  the  elongated  form 
of  body,  before  becoming  detached  from  the  wall  and  set  free. 

^  Comparable,  for  example,  to  the  sponge-larvse,  which  attach  them- 
selves to  the  surface-film  of  the  water  instead  of  becoming  fixed  to  a 
finn  object,  and  which  in  consequence  perish  inevitably. — E,  A.  M. 
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(2)  The  nectomonad  or  free  typeoE  crithidial  flagellate  has 
a  more  slender  body,  in  its  fully-developed  form  about  five 
times  or  more  as  long  as  its  greatest  breadth,  but  with  great 
variations  in  its  i*elative  proportions  (PI.  41,  figs.  190,  194-197 ; 
PL  42,  figs.  217,  235,  236,  254).  The  body  is  usually  spindle- 
shaped,  pointed  at  both  ends,  its  thickest  part  at  the  level  of 
or  slightly  behind,  the  middle  point  of  its  length,  and  n  is 
usually  well  in  front  of  N.  When  it  swims  the  flagelhim, 
directed  forwards,  is  thrown  into  even  sinuous  undulations 
which  begin  at  the  tip  and  run  backwards,  in  contrast  to  the 
type  of  movement  so  often  seen  in  free-living  flagellates,  in 
which  the  proximal  two-thirds,  or  so,  of  the  flagellum  is  held 
stiff  and  straight,  while  the  distal  third  performs  lashing 
movements  which  drag  the  body  forward.  We  have  not 
found  the  fully-developed  nectomonad  type  undergoing 
multiplication  by  fission,  unless  PI.  42,  figs.  253  and  2G6  are 
to  be  so  interpreted. 

(.3)  The  final  trypanosome-form  appears  to  rise  in  most 
cases  from  the  haptomonad  type,  with  which  it  is  usually 
found  closely  associated  in  preparations ;  compare  PI.  41, 
fio-.  202,  of  a  section  through  the  intestine  close  behind  the 
pylorus  ;  the  trypanosomes  are  seen  with  their  posterior  ends 
projecting  above  the  level  of  the  serried  ranks  of  the  hapto- 
monad crithidias,  as  if  they  were  pushed  upwards  by  the 
development  and  growth  of  their  flagella.  It  is  possible, 
however,  that  the  final  forms  may  sometimes  arise  from  the 
nectomonad  type,  and  that  such  an  origin  explains  the 
occurrence  of  the  slender  forms  of  the  trypanosomes,  the 
stout  forms  being  derived  from  the  haptomonads.  Forms 
such  as  PI.  42,  fig.  237,  are  perhaps  to  be  interpreted 
as  transitional  from  the  nectomonad  type  to  the  final 
trypanosome-form. 

The  essential  feature  in  the  origin  of  the  final  form  from  the 
crithidial  form,  of  whatever  type,  is  the  transposition  of  the 
two  nuclei,  n,  and  N.  Both  nuclei  move  backwards  usually, 
but  N  only  for  a  short  distance,  while  n  passes  N  and  goes  to 
the  posterior  extremity  of  the  body  (PI.  42,  figs.  238,  239, 
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255-259,  270).  In  some  cases,  especially  in  the  slender 
forms,  n  stops  short  of  the  extreme  posterior  end  of  the 
body  (fig.  239),  but  in  the  stumpy  forms  n  becomes  quite 
terminal  in  position,  as  a  rule  (PI.  41,  figs.  199,  200  ;  PI.  42, 
figs.  259,  271).  Further  characteristic  of  the  final  stage  is 
the  relatively  large  size  of  both  n  and  N,  and  the  faint  stain 
that  N  usually  takes  in  the  permanent  preparations.  In 
many  cases  iV appears  distinctly  elongated  in  the  longitudinal 
direction  (figs.  199,  259).  With  the  displacement  backwards 
oi  n  and  o£  the  attachment  and  origin  of  the  flagellum,  the 
undulating  membrane  becomes  correspondingly  extended  and 
lengthened. 

The  occurrence  of  stout  and  slender  forms  of  the  final 
trypanosomes  has  been  mentioned  already,  and  was  pointed 
out  by  Swellengrebel  and  Strickland  (1910)  ;  but  it  is  a  fact 
somewhat  difficult  to  explain.  It  may  be,  as  already  sug- 
gested, that  it  is  simply  due  to  difference  of  origin,  the 
slender  forms  arising  from  the  nectomonads,  the  stout  forms 
from  the  haptomonads.  On  the  other  hand,  it  may  be  that 
the  trypanosomes,  when  ingested  by  the  rat,  become  exceed- 
ingly active  in  order  to  find  their  way  from  the  digestive 
tract  into  the  blood,  and  that  the  slender  forms  in  the  flea 
represent  mei-ely  the  precocious  assumption  of  a  type  of 
structure  which  belongs  strictly  to  a  later  period  of  the  life- 
cycle.  These  are  the  only  suggestions  we  can  offer  at  present 
in  explanation  of  the  two  forms. 

We  have  never  in  any  case  seen  the  final  trypanosome- 
form  dividing,  but  it  is  stated  to  do  so  by  Swellengrebel  and 
Strickland  (1910),  who,  after  having  examined  one  batch  of 
thirty-seven  infected  fleas,  have  been  able  to  figure  no  less 
than  three  examples  of  a  process  of  division  that  we  have 
never  been  able  to  find  in  all  the  many  hundreds  of  infected 
fleas  we  have  dissected  and  examined.  For  our  part  we 
agree  with  Brumpt  (1913),  that  these  "  metacyclical  trypano- 
somes," as  he  proposes  to  call  them,  are  "  phases  d'attente  " 
which  do  not  multiply  further  in  the  flea. 

With  the  development   of  the  final  trypanosome-form  the 
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cycle  of  T .  1  ewisi  in  the  flea  is  ended.  It  only  remains  to  say 
a  few  words  with  regard  to  tlie  occurrence  of  the  rectal  phase 
in  regions  of  the  gut  situated  further  forwards  than  the 
rectum.  It  is  by  no  means  an  infrequent  occurrence  to  find 
clumps  and  carpets  of  various  forms  characteristic  of  the 
rectal  phase  attached  in  the  intestine  and  even  in  the  stomach.^ 
In  the  intestine  they  occur  most  frequently  at  the  upper  end, 
close  behind  the  pylorus.  "When  they  occur  in  the  stomach 
they  are  probably  always  attached  towards  its  hinder  end, 
near  the  pylorus.  Hence  tlie  two  chief  situations  of  the 
crithidial  forms,  when  occurring  outside  the  rectum,  may  be 
designated  briefly  "pre-pyloric  ^^  and  "  post-pyloric." 

Two  possibilities  present  themselves  at  ouce  to  the  mind 
with  reference  to  these  extra-rectal  crithidial  infections  ;  first, 
that  the  infection  of  the  stomach  or  intestine  is  a  direct  one, 
brought  about  by  forms  which  have  attached  themselves 
there  immediately  after  completing  their  stomach-phase, 
without  having  ever  travelled  further  back  in  the  digestive 
tract ;  secondly,  that  the  infection  has  been  brought  about  in 
an  indirect  manner  by  forms  which  have  migrated  forwards 
from  the  rectum. 

So  far  as  post-pyloric  intestinal  infections  are  concerned, 
we  have  some  evidence  that  the  infection  may  be  sometimes  a 
direct  one ;  in  one  of  our  series  of  sections  of  the  stomach  of 
a  flea  that  had  fed  thirty-six  hours  previously  to  being  pre- 
served, there  are  two  large  clumps  of  crithidial  forms  attached 
close  behind  the  pylorus.  Probably  in  such  cases  those 
attached  in  the  intestine  represent  but  a  small  numerical 
proportion  of  those  that  migrated  backwards  from  the 
stomach,  the  majority  having  passed  on  down  to  the  rectum, 
while  a  few  have  stuck,  as  it  were,  higher  up. 

With  regard, howevei",to  the  pre-pyloric  crithidial  infections, 
we  have  no  evidence  of  direct  infection  taking  place,  but  all 
our  data  indicate  that  such  infections  of  the   stomach   are 

^  Since  a  certain  length  of  intestine  was  usually  cut  off  with  the 
stomacli  it  is  possible  that  many  of  the  crithidial  forms  found  by  us  in 
our  stomach-films  were  really  post-pyloric  in  situation. 
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brought  about  iudirectly,  and  the  same  is  probably  true,  in 
ruost  cases,  of  the  post-pyloric  infections  of  the  intestine.  In 
the  first  place  we  have  no  record  of  the  occurrence  of  crithi- 
dial  infections  in  the  stomach  (pre-pyloric)  earlier  than  seven 
days  after  the  first  infective  feed  of  the  fleas ;  but  at  later 
periods  than  this  we  have  so  many  records  of  such  infections 
in  the  stomach  that,  had  they  been  in  all  cases  brought  about 
directly,  we  should  have  expected  to  have  found  crithidial 
forms  in  the  stomach  during  the  period  when  such  forms  are 
being  established,  that  is  to  say,  from  about  thirty-six  hours 
and  five  daj^s  or  so,  which  we  have  never  done.  Secondly, 
the  evidence  furnished  by  experimeut  39  (see  below,  p.  634), 
indicates  very  strongly  that  the  final  infective  forms  of  the 
life-cycle  were  first  produced  in  the  rectum  on  the  fifth  day 
and  were  there  also  on  the  seventh  day,  but  had  migrated 
forwards  to  the  stomach  on  the  tenth  day. 

It  seems,  therefore,  most  probable  that  in  the  majority  of 
cases  at  least,  the  pre-pyloric  and  even  the  post-pyloric 
infections  are  the  secondary  results  of  a  migration  forward 
from  the  rectum  of  crithidial  forms  previously  established 
there  ;  and  since  neither  the  haptomonads  nor  the  final 
trypanosome-forms  appear  capable  of  undertaking  such 
migrations,  it  must  be  the  nectomonads,  which  are  obviously 
active  locomotor  forms,  that  are  responsible  for  such  migra- 
tion. We  have  performed  some  experiments  from  which  it  is 
clear  that  the  migration  forwards  is  dependent  on  conditious 
of  nutrition  in  the  flea  and  that  starvation  favours  a  forward 
migration  of  the  nectomonads  towards  the  stomach. 

In  many  cases  the  forwards  migration  of  the  flagellates 
leads  to  the  rectum  being  quite  deserted  by  them.  This  is 
well  shown  by  the  following  instance,  by  no  means  an  isolated 
one  of  its  kiud  in  our  experience,  but  very  typical.  A  flea 
was  taken  from  the  infected  breeding-cage  and  put  by  itself 
on  a  clean  rat  for  three  days,  fi-om  the  19th  to  the  22nd  of 
September ;  it  was  then  recovered  and  dissected.  The 
stomach-preparations  were  found  to  contain  a  considerable 
infection  of  the  typical  rectal  phase   (Text-fig.   17,  p.  627), 
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but  no  flagellates  of  any  kind  were  found  in  the  rectum.  Tlia 
rat  became  infected,  and  first  showed  trypanosomes  in  its 
blood  on  September  28th.  The  age  of  the  infection  of  the 
flea  was  not  known,  but  the  crithidial  stock  seems  in  this  case 
to  have  died  out  in  the  rectum  and  to  have  established  itself 
exclusively  in  the  pyloric  region. 

We  have  also,  though  rarely,  seen  the  attached  crithidial 
form  in  the  proximal  portions  of  the  Malpighian  tubules. 

On  the  other  hand  we  have  never  seen  in  our  rat-fleas 
(Ceratophyllus  fasciatus)  infections  such  as  are 
described  by  NoUer  (1912),  and  AVenyon  (1913),  in  the- 
dog-flea,  where  both  the  rectum  and  the  intestine  are 
described  as  being  carpeted  along  their  whole  extent  with 
the  crithidial  phase;  though  we  have  seen  such  infections 
in  fleas  harbouring  the  Leptomonas.  It  is  a  fact  which 
seems  at  first  strange,  but  is  probably  very  significant,  that,, 
as  -we  have  pointed  out  elsewhere  (p.  610),  the  rat-flea  is  not 
so  efficient  a  host  for  the  rat-trypanosome  as  other  species  of 
fleas  which  do  not  usually  or  of  choice  feed  upon  rats;  from 
■which  circumstance  it  would  appear  as  if  the  rat-flea  has 
acquired  a  certain  degree  of  natural  immunity  to  the  trypano- 
some  of  the  rat  which  other  fleas  do  not  possess. 

For  a  general  summary  of  the  development  of  Trypano-^ 
soma  lewisi  in  the  flea,  see  Plate  45,  and  the  description 
of  it  (p.  691). 

(3)  The  Degenerative  Series. 

Trypanosomes  undergoing  degenerative  changes  may  be 
found  in  either  the  stomach  or  rectum  during  the  first  few 
days  after  the  flea  has  fed  for  the  first  time  on  an  infected 
rat.  They  are  most  abundant  in  batches  of  fleas  examined 
during  the  first  twenty-four  hours  after  feeding.  After  this 
period  trypanosomes  may  have  disappeared  altogether  from 
the  gut  of  the  flea,  and  after  thirty-six  hours  degenerative 
forms  are  of  infrequent  occurrence.  In  some  cases,  however, 
degenerative  forms  may  be  found  in  the  rectum   much  later 
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than  the  first  day,  namely,  up  to  three,  four,  or  even  five  days 
after  the  infective  feed.  The  degenerative  forms  of  late 
occurrence  are  probably  to  be  interpreted  as  individuals 
which  have  become  degenerative  after  having  developed 
in  a  normal  manner  for  a  longer  or  shorter  period.  The 
trypanosomes  which  begin  to  degenerate  immediately  after 
being  ingested  by  the  flea  probably  do  not  last  long  beyond 
twenty-four  or  thirty-six  hours,  usually  not  so  long.  Fleas 
that  have  fed  on  an  infected  rat  whose  blood  is  swai-ming 
with  trypanosomes  often  show  no  trace  of  the  parasites  in 
any  part  of  the  gut  by  twenty-four  hours.  The  majority  of 
the  degenerative  trypanosomes  that  ai'e  found  in  the  fleas 
are  those  that  begin  to  degenerate  immediately  after  being 
taken  up  from  the  rat. 

There  is  no  essential  difference  between  the  degenerative 
forms  found  in  the  stomach  and  the  rectum.  We  may,  there- 
fore, give  a  general  description  of  the  forms  of  the  degenera- 
tive series  without  taking  special  note  of  their  provenance. 

In  direct  contrast  to  the  changes  undergone  by  the  develop- 
mental forms  in  the  stomach,  the  principal  sign  of  degenera- 
tion is  a  progressive  diminution  in  size,  more  especially  in  the 
length  of  the  body.  The  trypanosome  gradually  dwindles 
and  wastes  away,  beginning  at  the  flagellar  end,  during 
which  process  the  flagellum  becomes  converted  progressively 
into  a  fluffy  mass,  which  frequently  shows  a  tendency  to  stain 
blue  or  bluish  with  the  Giemsa  stain,  instead  of  the  normal 
red  (PI.  43,  figs.  294-296,  308).  Meanwhile  N  is  pushed 
backwards  towards  n.  The  displacement  of  N  does  not 
appear  to  be  due  to  any  active  migration  on  its  part,  but  to 
be  the  purely  passive  consequence  of  the  dwindling  of  the 
anterior  part  of  the  body,  whereby  it  is  forced  backwards.  On 
the  other  hand  n  shows  no  tendency  whatever  to  move  for- 
wards, but  may  do  one  of  two  things  :  it  may  remain  where  it 
is,  or  be  shifted  backwards  only  to  a  slight  extent,  in  Avhich 
case  the  hinder  end  of  the  body  retains  the  sharp  point 
characteristic  of  the  trypanosome  in  the  blood  (PI. 43,  fig.  301); 
or  it  may  pass  back  towards  the  extreme  posterior  end,  and 
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even  become  tei-minal  in  position,  in  which  case  the  hindei* 
end  becomes  bluntl}^  pointed  or  even  rounded  (Figs.  290,  291, 
308).  If  at  the  same  time  the  body  becomes  broadened  out 
posteriorly,  as  sometimes  happens,  the  result  is  a  form  which 
may  mimic  very  exactly  the  small  stumpy  trypanosome  which 
is  the  final  form  of  the  development  (Figs.  299,  306,  307). 

The  trypanosomes  that  undergo  this  process  of  degenera- 
tion show  a  great  tendency  to  adhere  together  in  clumps 
attaching  themselves  to  one  another  by  the  tips  of  their 
flagella  (PI.  43,  figs.  304,  308;  PI.  44,  fig.  311).  The  adherence 
in  this  way  of  the  degenerative  forms  must  be  distinguished 
clearly  from  the  process  of  agglomeration  which  T.  lewisi 
undergoes  so  readily  when  placed  in  unfavourable  circum- 
stances.^ Agglomeration  takes  place  by  the  hinder  ends  of 
the  trypanosomes  and  more  especially  by  iheirnn,  as  Laveran 
and  Mesnil  have  shown,  and  as  a  result  of  it  the  trypanosomes 
tend  to  form  rosette-like  clusters,  in  which  the  flagella  radiate 
outwards.  True  agglomeration  of  this  kind  can  also  occur  in 
the  flea  under  special  circumstances,  as  will  be  described 
presently.  But  in  the  degenerative  clusters  the  conditions 
are  precisely  the  opposite  to  agglomeration,  since  the  flagella 
are  directed  towards  the  centre  of  the  cluster,  while  the  hinder 
ends  of  the  trypanosomes  radiate  outwards.  The  tendency 
of  the  degenerative  forms  to  adhere  in  clumps  must  be  inter- 
preted as  an  expression  of  the  general  tendency  (perhaps  it 
might  be  texmied  instinct)  of  the  trypanosome  to  attach  itself 
by  the  tip  of  the  flagellum  to  firm  surfaces  when  in  the  body  of 
the  flea,  a  tendency  very  pronounced  in  all  developmental 
forms,  excluding  the  final  stage  of  the  cycle. 

Clumps  and  masses  of  very  considerable  size  are  formed  by 
the  degenerative  forms  adhering  together  in  the  manner 
described.  Towards  the  centre  the  clumps  often  show  a 
cement-like  substance,  which  stains  pinkish-red  with  Giemsa. 
The  final  stages  of  the  degeneration  are  small  forms,  which 

'  Manteuffel  (1909)  has  already  drawn  attention  to  the  distinction 
between  rosettes,  with  flagella  directed  inwards,  and  time  agglomera- 
tion. 
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represent   simply  the  hinder  ends   of   the   original  trypano- 
somes.     They  are  usually  sharply  or  bluntly  pointed  (PL  43, 
figs.  302-304),  or  may  be  rounded  off   (fig.  306).     The  large 
clumps  of  these  little  degenerative  forms  in  the  rectum  are 
often  very  diflBcult  to  distinguish  in  the    living  state    from 
the  clumps  of  developmental  crithidias.      The  degenerative 
clumps,  however,  generally  occur  loose  in  the  cavity,  while 
the  true  crithidias  are  attached  to  the   wall  of  the  rectum, 
though  in  the  process  of  dissection  the  latter  often  become  torn 
away  from  the  wall.     When  a  loose  clump  of  this  kind  consists 
entirely  of  forms   with   pointed   hinder  ends  it   is  probably 
degenerative.     The  true  critbidial  clamps  always  have  a  con- 
siderable   number     of    forms     with    rounded    hinder    ends, 
especially  in  the  early  periods  of  the  establishment  of  the 
rectal  phase,  when   the  hinder  ends   of  the  crithidial  forms 
are  almost  always  rounded.    The  degenerative  forms,  carefully 
examined,    show  a  certain  extent  of  undulating  membrane 
running   down  the  side  of  the  body  to  n,  which  is  situated 
behind    jV,    while   in    the    typical    haptomonad    phase    the 
fiagellum  is  reduced  to  the  rhizoplast  which  comes  off  close 
to   n   and  terminates  at  the  surface   of  the   body,  n  being 
situated  beside  or  in  front  of  N.     Finally,  it  should  be  noted 
that  the  degenerative  forms  never  multiply  by  division  at  any 
time.     Nevertheless,  in  spite  of  all  these  distinctions,  which, 
are  more  easily  perceived  in  permanent  preparations  than  in 
the  living  state, it  is  sometimes  difficult  to  pronounce  decisively 
as  to  the  nature  of  a  given  individual,  whether  degenerative  or 
developmental,  in  preparations  of  the  rectum ;  but  as  a  rule 
there  is  no  difficulty  at  all. 

A  remarkable  fact  is  the  occurrence  of  recurved  forms 
amongst  the  degenerative  forms  in  the  rectum,  of  a  type 
essentially  similar  to  the  recurved  trypanosomes  occurring  in 
the  normal  developmental  series  in  the  stomach  (PI.  43, 
figs.  297,  298).  The  recurved  forms  are  often  seen  in  the 
clumps  of  degenerative  trypanosomes.  The  occurrence  of 
such  forms  in  the  rectum  may  perhaps  be  interpreted  as  an 
abortive  efforb  on  the  part  of   the  trypanosomes  that  have 
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passed  on  prematurely  into  the  rectum  to  go  through  a 
development  similar  to  that  which  they  undergo  normally  in 
the  stomach,  but  which,  in  all  probability,  would  be  impossible 
in  the  rectum,  where  the  cuticular  lining  would  doubtless  be 
an  effective  bar  to  the  penetration  of  the  epithelial  cells  by 
the  trypanosome.  It  is  possible  that  some  of  the  recurved 
forms  in  the  stomach  may  also  degenerate  without  ever 
succeeding  in  penetrating  the  cells ;  the  curious  forms  such  as 
PI.  43,  fig.  305,  are  very  probably  to  be  explained  as  recurved 
forms  in  process  of  degeneration.  It  would  be  difiicult,  how- 
ever, as  a  rule,  to  distinguish  between  degenerative  and 
developmental  trypanosomes  in  the  recurved  condition  in  the 
stomach;  but  in  the  rectum  all  su^ch  recurved  forms  must  be 
regarded  as  abortive  and  destined  to  degeneration. 

As  has  also  been  mentioned  above,  trypanosomes  of  de- 
genei'ative  type  are  found  in  the  rectum  on  the  third  and 
fourth  days  after  infection.  Such  forms  may,  in  some  cases, 
differ  but  little  from  ordinary  blood-trypauosomes,  and  are 
then  to  be  interpreted,  probably,  as  trypanosomes  ingested  at 
a  later  feed,  which  have  passed  on  to  the  rectum  ;  but  in 
other  cases  they  may  be  forms  which  ai*e  undergoing  de- 
generation after  having  developed  normally  in  the  stomach. 
They  are  found,  not  infrequently,  mixed  Avith  true  develop- 
mental forms  in  clumps,  into  which  they  have  probably 
intruded  themselves  (PI.  41,  fig.  183).  It  is  necessary  to  be 
careful  not  to  confuse  them  with  early  forms  of  the  rectal 
phase  in  which  7i  is  still  behind  N ;  such  forms  can  be 
distinguished  by  their  greater  stoutness  and  bulk,  and  by  the 
fact  that  n  has  generally  migrated  forwards  to  some  extent 
(PI.  41,  figs.  181-187). 

True  agglomeration  very  rarely  occurs  in  the  flea,  but  we 
have  found  it  in  its  most  typical  form  (PI.  43,  figs.  309,  310) 
in  fleas  of  a  batch,  the  record  of  which  was  as  follows :  The 
fleas,  twelve  in  number,  had  been  fed  once  on  an  infected  rat 
in  the  usual  way,  and  three  days  later  they  were  fed  again  on 
a  rat,  the  object  being  to  test  the  influence  of  a  second  feed 
of   clean   blood   on    the    persistence    of    the    stomach-phase 
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(see  p.  664  below).  By  mistake,  however,  the  fleas  were  fed 
again  ou  an  infected  rat  instead  of  a  clean  rat.  The  next 
day  (four  days  after  the  first  infective  feed)  the  fleas  were 
dissected  and  examined.  In  every  flea  the  trypanosomes  of 
the  second  feed  could  be  recognised,  quite  unaltered  from  the 
blood-form,  and  in  most  cases  agglomerating  in  pairs,  threes, 
■or  rosettes  composed  of  many  individuals ;  they  were  found 
in  the  stomach  in  every  flea  and  in  a  few  in  the  rectum  also, 
where  in  one  case  degenerative  forms  were  noted;  in  some 
fleas  tliese  trypanosomes  were  very  numerous  ;  in  others  they 
were  scanty  and  had  evidently  undergone  reduction  in 
number.  The  trypanosomes  of  the  first  feed  had  disappeared 
in  nine  out  of  the  twelve  fleas,  while  in  the  remaining  three 
they  were  represented  by  developmental  forms  of  the  usual 
type  in  the  rectum.  Agglomerating  trypanosomes  of  the 
second  feed  were  found  both  in  fleas  in  which  those  of  the 
first  feed  had  persisted  and  in  fleas  in  which  they  had 
disappeared. 

From  this  observation  it  would  appear  that  when  a  flea 
has  once  had  an  infective  feed,  its  digestive  tract,  and  more 
especially  its  stomach,  acquires  properties  which  cause  the 
agglomeration  and  probably  also  the  degeneration  of  try- 
panosomes taken  in  at  later  feeds,  alike  whether  those 
ingested  at  "the  first  feed  have  succeeded  in  establishing 
themselves  in  the  flea  or  not. 

Reference  has  already  been  made  above  (pp.  531-532)  to 
intracellular  forms  which  appear  to  be  undergoing  degenera- 
tion after  having  penetrated  into  an  epithelial  cell  (PL  36, 
flgs.  43-45). 

Appendices  to  the  Development. 

(1)   Previous  Investigations  on  the   Development   of 
Trypanosoma   lewisi. 

The  first  who  attempted  to  follow  ont  the  development  of  T.  lewisi 
in  its  invertebrate  host  was  Prowazek  (1905),  who  studied  the  develop- 
ment in  the  rat-louse,  Hasmatopinus   spinulosus,  and  since  those 
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who  followed  immediately  after  liim  in  similar  investigations  also  made 
nse  of  the  louse,  it  is  simplest  to  deal  first  with  all  those  works  in  which 
the  development  in  the  loi^se  is  studied.  Since  we  have  not  ourselves 
studied  the  development  of  this  insect,  we  are  not  in  a  position  to  con- 
trovert the  statements  made,  but  it  is  legitimate  for  us  to  compare  the 
forms  and  stages  described  with  those  which  we  have  found  in  the  flea, 
and.  on  the  ground  of  such  compai-isons.  to  criticise  the  interpx-etations 
given  by  the  authors. 

According  to  Prowazek,  the  general  course  of  the  development  in  the 
louse  is  as  follows  :  The  flagellates  are  first  to  be  found  in  the  stomach, 
where  they  do  not  collect  at  particular  spots,  but  swim  freely  everywhere 
in  the  ingested  blood.  In  the  stomach  the  processes  of  maturation  and 
feiiilization  take  place.  At  the  second  feed  of  the  louse  the  parasites 
are  forced  down  to  the  end  of  the  mid-gut  and  finally  come  to  rest  in 
the  hind-gut,  for  the  most  part  near  the  Malpighiau  tubules,  but  also  in 
other  parts.  Resting  stages  ai"e  to  be  found  on  or  between  the  cells  of 
the  mid-gut,  and  more  especially  at  the  begiiming  of  the  hind-gut. 
From  the  fact  that  the  parasites  disappear  from  the  hind-gut,  it  is 
inferred  that  they  can  pass  through  the  epithelium  of  the  hind-gut. 
[This  conclusion  is  by  no  means  warranted  by  the  observation  on  which 
it  is  founded ;  it  is  also,  in  our  opinion,  extremely  improbable  that  the 
flagellates  could  penetrate  through  the  chitinous  cuticle  lining  the  hind- 
gut.]  In  this  way  the  parasites  are  stated  to  pass  into  the  blood-stream, 
then  into  the  larynx  [sic],  and  so  finally  back  into  the  A'ertebrate  host 
when  the  louse  feeds.  [It  is  not  clear  whether  this  statement  is  foimded 
on  observation,  or  simply  on  the  analogy  of  the  statements  made  by 
Schaudinn  with  regard  to  Trypanosoma  noctuse;  the  author 
never  succeeded  in  obtaining  an  infection  of  the  rat  by  means  of  the 
louse.]  No  trypanosomes  or  their  resting  stages  were  found  in  freshly- 
deposited  faeces. 

The  author  describes  in  great  detail,  with  figures,  various  appearances 
interpreted  by  him  as  maturation,  fertilisation,  and  even  parthenogenesis. 
As  all  this  part  of  the  work  is  in  the  highest  degree  unconvincing  and 
appears  to  consist  of  forced  theoretical  interpretations  of  degenerating 
forms  which  were  occasionally  seen  to  undergo  agglomeration,  it  is  not 
necessary  to  do  more  than  refer  to  the  figures  given  by  Prowazek.  PI.  II, 
fig,  32,  pui-ports  to  show  the  "  fertilisation  "  in  the  living,  and  PL  III. 
figs.  38  and  39,  in  the  stained  condition,  while  tig.  40  represents  the 
"  ookinete,"  a  non-flagellated  form  with  a  single  nucleus.  From  the 
ookinete  a  crithidial  form  is  stated  to  arise  in  the  manner  described  by 
Schaudinn  (PI.  Ill,  figs.  41-43  and  45).  An  active  multiplication  follows 
[but  PL  III,  fig.  55,  which  is  given  as  an  example  of  the  division,  is  simply 
an  unaltered  blood-trypanosome  which  shows  the  commonly-occurring 
abnormality  of  possessing  two  NN;  compare  our  Text-fig.  15] . 
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The  author  appears  to  regard  most  of  the  crithidias  as  invohition- 
forms,  which  form  "agglomeration-stars."  Such  a  star  is  shown  in  PI.  Ill 
fig.  54  [which  represents  a  typical  clump  of  normal  developmental 
crithidias,  similar  to  our  PI.  41,  figs.  182-184].  In  addition  to  the  crithidial 
involution-forms  there  are  found  other  much  smaller  forms,  wedged  in 
between  the  cells  and  with  the  flagella  completely  absorbed.  The 
crithidial  involution-forms  may  also  degenerate  into  small  non-flagellated 
foi-ms  (fig.  50).  No  special  inoculative  or  final  form  of  the  develoj)ment 
is  described. 

Baldrey  (1909)  professes  to  have  confinued  the  development  described 
by  Prowazek,  including  even  the  process  of  maturation  and  fertilisation. 

Text-fig.  15. 


Tiypanosome  with  two  NN  from  the  stomach  of  a  flea  eighteen 
hours  after  the  infective  feed.  Such  forms  with  two  and  even 
three  NN  are  quite  common  in  the  blood  of  the  rat  and  in  the 
gut  of  the  flea  at  early  stages  of  the  development ;  comj^are 
Minchin  (1909).  p.  803.  PL  21,  fig.  6,  PL  22,  fig.  74,  and  PI,  23, 
fig.  84  ;  they  have  nothing  to  do  witb  reproduction  of  the  try- 
panosome  by  fission.     ( x  2000.) 

He  gives  two  text-figures,  one  showing '•  male "'  and  "female"  forms 
and  '■  copulation,"'  the  other  showing  "■  ookinetes  "  and  crithidial  forms 
of  the  typical  nectomonad  type.  He  states  that  the  ookinete  recon- 
sti-ucts  a  flagellar  apparatus  and  divides  rapidly  to  produce  crithidial 
forms,  which,  by  repeated  division  become  smaller  and  smaller,  pass 
into  the  body-cavity,  thence  to  the  suctorial  mouth-apparatus  and  so 
infect  the  rat.     The  complete  cycle  takes  from  eight  to  ten  days. 

Rodenwaldt  (1909)  studied  the  development  of  T.  lewisi  in  the 
louse  in  order  to  meet  the  criticisms  of  Patton,  and  succeeded  inci- 
dentally in  proving  that  Patton's  "Crithidia  haematopini"  is  a 
mythical  and  non-existent  species.  On  the  first  day  of  the  development 
he  found  in  th.e  louse  both  unaltered  foi-msof  T.  lewisi  and  long  forms, 
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■which  he  described  as  "  Lanzettformen.""  [The  latter,  from  the  figures 
given  (PI.  1,  figs.  7-12)  are  clearly  the  same  as  our  long  "  crithidiomor- 
phic  "  stomach-foi-ms.]  He  also  found  trypanosomes  alleged  to  be 
dividing  (figs.  5,  6,  and  12)  [but  these,  again,  are  simply  forms  with  two 
or  three  NN,  such  as  occxu-  frequently  in  the  blood  of  the  rat ;  see 
above].  On  the  second  and  third  days  he  found  the  same  forms,  but 
a  larger  proportion  of  the  Lanzettformen.  In  one  louse,  however,  he 
found  crithidial  forms  developed  on  the  third  day.  On  the  fourth  day 
he  found  fomis  with  a  short  flagellum  or  none  at  all  (as  shown  in  his 
figs.  13,  14).  which  he  compares  with  the  ookinetes  of  Prowazek  and 
Baldrey;  they  are  stated  to  bend  their  bodies  without  changing  their 
place.  On  the  fifth  day  long  crithidial  foi-ms  appear  (compare  his  figs. 
15-21),  and  on  the  sixth  and  following  days  smaller  crithidial  foi-ms  in 
rosettes,  and  also,  but  more  rarely,  leptomonad  foi-ms  (figs.  23,  27). 
From  the  tenth  day  there  were  found  (1)  small  non-flageUated  forms 
(figs.  31-34) ;  (2)  stout  flagellated  forms  (figs.  35-39) ;  (3)  a  few  stout, 
non-flagellated  fox-ms,  "ookinetes"  (figs.  40-47) ;  and  also  forms  regarded 
as  representing  cojiulation  of  gametes  (figs.  48, 49).  After  twenty  days 
slender,  sporozoite-iike  forms  were  found  (figs.  52-58)  in  the  gut,  never 
in  the  body-cavity.  Rodenwaldt  did  not  succeed  in  producing  infection 
by  means  of  lice. 

Breinl  and  Hindle  (1909)  describe  the  development  in  the  louse  mainly 
as  follows.  The  ingested  tiypanosomes  first  show  characteristic 
changes  in  the  nucleus,  of  which  the  karyosome  divides  and  the  division 
23roducts  move  to  opposite  ends  of  the  nucleus.  N  and  n  then  become 
approximated  and  a  division  takes  place.  Some  of  the  tiypanosomes 
show  about  this  stage  a  reduction  of  the  cytoplasm,  producing  tadjiole- 
like  forms  with  a  swollen  head  and  the  rest  ofthe  body  reduced  to  a 
long  flagellum  (see  their  figs.  5-9) ;  at  this  stage  the  two  nuclei  take 
on  the  crithidial  ("Herpetomonas-like")  an-angement.  The  crithidise 
multiply  by  division  and  become  "  agglomei-ated  in  gi-eat  clusters  with 
the  flagellum  always  directed  inwardly"'  (fig.  18).  [These  clusters 
appear  to  be  simply  developmental  clumps  of  crithidial  forms;  as 
pointed  out  above,  clumps  with  the  flagella  directed  inwards,  whether 
of  degenerative  or  developmental  forms,  are  not  instances  of  tnxe 
agglomeration.]  Round  forms  [haptomonads  ?]  are  also  found  (figs. 
32-36).     The  alleged  conjugation  was  not  confirmed. 

[We  cannot  help  remarking  that  aU  the  stages  of  the  trypanosome 
figured  by  Breinl  and  Hindle,  even  the  crithidial  clumps,  present  an 
extraordinarily  sickly  and  degenerative  appearance ;  we  venture  to 
think  that  anyone  who  compares  their  figures  with  ours  will  agi-ee  to 
this  statement.] 

Swellengrebel  and  Strickland  (1910),  have  had  the  advantage  over 
previous  authors  that  they  were  able  to  compare  the  stages  in  the  louse 


THE    EAT-TEYPAXOSOME,    TEYPANOSOMA    LEWISI.        601 

with  tliose  occurring  in  the  flea  ;  tlieir  memoir  is  illustrated  by  numerous 
figures,  for  which,  however,  they  appear  not  to  claim  great  exactness, 
since  they  refer  to  them  as  "  diagrams."  They  find  that  "  the  develop- 
ment in  the  louse  is  a  very  in-egular  one  and  is  not  to  be  compared  with 
that  which  takes  place  in  the  flea."  The  first  changes  are  that  n  wanders 
in  the  direction  of  N,  producing  finally  a  crithidial  form,  slender  or 
club-shaped  (diagrams  xv  and  xvi).  From  the  crithidial  fonns  arise 
large  "  ovals,"'  some  of  them  without  flagella  and  representing  the 
"  ookinetes "  of  former  authors.  Later  ovals  [haptomonads]  and 
crithidise  [nectomonads]  are  found  singly  or  in  clumps  (diagrams  xvii 
and  xviii).  Degenerative  forms  were  also  seen,  but  no  flagellates  were 
found  which  could  be  identified  with  this  small,  fijial  tiypanosome-foiins 
of  the  development  in  the  flea.     No  conjugation  was  observed. 

From  all  these  various  works,  only  one  positive  fact  emerges  clearly, 
namely,  that  T.  lewisi  can  develop  in  the  louse  into  its  typical  crithi- 
dial phase,  with  both  nectomonads  and  haptomonads.  On  the  other 
hand,  no  intracellular  miUtiplication  has  been  observed,  nor  has  it 
been  proved  as  yet  that  the  development  can  proceed  so  far  as  to 
produce  the  small  trypanosomes  which  end  the  cycle  in  the  flea.  One 
form,  apparently  degenerative,  occurs  in  the  louse  which  we  have  not 
found  in  the  flea,  namely,  a  large  oval  form  without  a  flagellum,  the 
zygote  or  "  ookinete  "  of  Prowazek  and  others. 

The  first  published  works  on  the  development  of  T.  lewisi  in  the 
flea  were  those  of  Swellengrebel  and  Strickland  (1910).  "We  have 
ah'eady  noticed  above  their  statements  with  regard  to  the  development 
of  the  stomach-phase  and  stated  that  we  are  quite  unal)le  to  agree  with 
the  account  given  by  them.  On  the  third  day  of  the  development  they 
find  both  long  crithidial  forms  and  lai-ge  "  ovals  "  [stout  crithidias  of 
the  haptomonad  tyj^e]  in  the  mid-gut  (diagram  v).  On  the  fourth  day 
they  state  that  the  flagellates  had  all  passed  out  of  the  stomach  into  the 
intestine.  On  the  fifth  day  they  found  only  round  forms  [haj)to- 
monads]  in  the  rectum  (diagram  vii).  On  subsequent  days  they  found 
the  various  fonns  of  the  rectal  phase,  and  on  the  eighth  day  they  found 
the  small  trypanosome-forms,  the  final  stage  of  the  development,  which 
the  authors  were  the  first  to  discover.  In  their  diagi-am  xvi.they  give  a 
summary  of  the  development  showing  the  following  sequence  of  fonns : 
(1)  the  normal  blood-trypanosomes ;  (2)  a  long  crithidial  foiTa  ;  (3)  a 
stumpy  crithidial  form  with  short  flagellum  ;  (4)  a  haptomonad  form ; 
(5)  the  same  in  process  of  division;  (6)  a  form  transitional  to — ; 
(7)  anectomonad;  (8)  a  form  transitional  to — ;  (9)  the  final  trypano- 
some-form.  [In  view,  however,  of  the  great  differences  seen  in  the 
development  of  the  trypanosomes  in  different  fleas,  especially  prior  to 
the  establishment  of  the  rectal  phase,  it  was  somewhat  rash  to  attempt 
to  fix  the  order  of  events  in  so  few  as  eighty-three  fleas,  and  it  may  be 
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remarked  that  the  entire  stomach-phase  has  practically  been  omitted 
from  the  cycle  as  summarised  by  the  authors.] 

Swingle  (1911)  gave  the  following  description  of  the  cycle  in  the  flea. 
He  states  that  the  trypanosomes  remain  but  a  short  time  in  the  stomach, 
but  migi-ate  to  the  intestine  where  important  changes  take  place.  The 
first  change  to  be  seen  is  a  diminution  in  size,  and  at  the  same  time  N 
moves  towards  the  posteiior  end  of  the  body.  Occasionally  such  forms 
degenerate ;  in  those  that  do  not  n  moves  f  oi-wards  till  it  is  close  ])eside 
or  in  front  of  N,  thus  producing  a  true  crithidial  form.  The  individuals 
which  do  not  change  into  the  crithidial  type  curl  upon  themselves  to 
form  an  oval  roxinded  mass  (figs.  15,  16)  [apparently  representing 
recurved  forms].  Development  of  the  crithidial  forms  may  proceed 
along  two  separate  lines  which  come  to  the  same  end;  (1)  they  may 
"agglutinate"  by  the  anterior  ends  forming  rosettes  (figs.  20,  21 
[representing  typical  early  crithidial  clumps]);  or  (2)  they  may  form 
solitary  cysts  (figs.  22-30)  [apparently  representing  typical  examples  of 
the  degenerative  series].  Other  forms  [apparently  degenerative]  are 
also  described ;  but  the  haptomonad  and  other  forms  of  the  rectal 
phase  are  all  referred  by  the  author  to  the  foi-m-series  of  the  lepto- 
monad  described  by  him  as  Herpetomonas  pattoni;  aconclusion 
which  SweUengrebel  and  Strickland  (1911-12),  justly  criticise,  though 
they  go  too  far  in  the  opposite  direction  in  suggesting  that  H.  pattoni 
is  a  stage  in  the  development  of  T.  lewisi. 

Noller  (1912),  studying  the  development  of  T.  lewisi  in  the  dog-flea 
(Ctenocephalus  canis),  confirmed  our  discoveiy  of  the  intracellular 
multiplication  in  the  stomach  and  added  some  further  details ;  he 
observed  the  penetration  of  a  trypanosome  into  a  cell  five  hours  and 
fifty-five  minutes  after  the  ingested  blood  had  been  ingested  by  the  flea 
and  states  that  the  trypanosomes  go  through  at  least  two  generations, 
probably  more,  of  intracellular  multiplication.  Whether  or  not  the 
trypanosomes  establish  a  normal  infection  in  the  flea  depends,  in 
X611er"s  opinion,  upon  whether  they  succeed  in  fixing  themselves  in  the 
intestine  or  i-ectum,  or  not.  As  regards  the  multiplication  of  the 
attached  forms  in  the  end-gut,  XoUer  finds  that  they  can  always  be 
distinguished  from  the  leptomonads  by  the  possession  of  a  typical 
undulating  membrane  and  by  undergoing  a  process  of  multiple  fission ; 
neither  of  these  statements  accord  in  the  least  with  our  experience  of 
the  development  of  T.  lewisi  in  Ceratophyllus  fascia tus. 

It  remains  to  mention  that  SweUengrebel  and  Strickland  (1910j  made 
some  obsei-vations  on  the  development  of  T.  lewisi  inOrnithodoros 
moubata  and  Cimex  lectularius.  In  the  fonner  they  got  no 
development  of  crithidial  fonns ;  in  the  latter  they  found  large 
crithidias  but  no  development  in  the  hinder  part  of  the  mid-gut. 
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(2)     On    the    Possibility    of    the    Occurrence    of    Sexual 
Phenomena   in    T.    lewisi. 

It  has  been  seen  from  the  foregoing  summary  of  previous  investiga- 
tions on  the  development  of  T.  lewisi  that  Prowazek  first,  and  after 
him  Baldrey.  Rodenwaldt.  and  Gonder,  asserted  that  the  development 
of  T.  lewisi  in  the  louse  begins  with  a  process  of  fertilisation,  of  which 
the  main  featvires  are  stated  to  be  as  follows  :  Slender  male  and  stout 
female  forms  of  the  trypanosome  are  differentiated;  their  nuclei  go 
through  a  process  of  maturation  and  reduction,  after  which  a  fusion  of 
the  gametes  takes  place.  The  zygote  is  described  as  an  "ookinete"  of 
elongated,  oval  form,  with  no  flagellar  apparatiis  and  with  a  single 
nucleus  (synkaryon).  The  nucleus  is  then  stated  to  divide  into  two  by 
a  heteropolar  mitosis  to  produce  the  two  nuclei  of  a  trypanosome 
n  and  JV^,  and  then  the  locomotor  apparatus,  flagellum  and  undulating 
membrane,  are  formed.  The  result  is  a  flagellate  of  crithidial  structure, 
which  proceeds  to  multiply  actively  by  binary  fission. 

It  must  be  remarked  here  that  Prowazek's  account  of  the  "  ookinete  " 
and  its  development  in  T.  lewisi  was  modelled  in  every  essential 
detail  on  the  account  given  by  Schaudinn  for  Trypanosoma  noctuse. 
The  fertilisation  observed  by  Schaudinn,  however,  was  not  that  of  a 
trypanosome,  but  of  Hsemoproteus  (Halteridium).  It  is  a  process 
of  true  fertilisation,  which  was  first  observed  in  vitro  by  Macallum, 
and  its  occurrence  is  not  open  to  doubt.  Schaudinn  differed  from  all 
previous  investigators  in  asserting  that  the  ookinete  (zygote)  of 
Hsemoproteus  became  converted  into  a  crithidial  flagellate,  a  state- 
ment which  has  never  been  confirmed,  and  seems  never  likely  to  be. 
There  can  be  little  doubt  at  the  present  time  that  in  linking  together 
the  development  of  Hsemoproteus  noctuje  and  of  Trypanosoma 
noctuaj  into  a  single  life-cycle  Schaudinn  fell  into  error.  Prowazek, 
on  the  other  hand,  derived  his  "ookinete"  in  T.  lewisi  from  the 
sexual  union  and  fusion  of  two  trypanosomes,  so  that  in  its  alleged 
origin  the  ookinete  of  T.  lewisi  is  of  quite  different  nature  from  that 
of  Htemoproteus  noctuse.  Prowazek  is,  therefore,  the  first 
investigator  who  claims  to  have  seen  sexual  conjugation  of  trypanosomes 
in  the  invertebrate  host. 

Later  investigators  of  the  development  of  T.  lewisi  in  the  louse 
have  not  confirmed  Prowazek's  statements  as  regards  the  sexual  phase, 
nor  has  anything  similar  been  found  in  the  flea.  Those  who  have 
investigated  the  development  of  other  trypanosomes  in  their  invertebrate 
hosts  have  also  failed  altogether  to  observe  sexual  phases  or  sexual 
behaviour,  in  spite  of  much  careful  searching  for  phenomena  to  which 
their  attention  has  been  strongly  directed.  As  stated  above,  Prowazek's 
account  of  the  sexual  processes  is  most  unconvincing,  and  the  data  he 
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brings  forward  are  quite  inadequate  to  support  the  superstructure 
of  theoretical  interpretation  built  upon  them.  In  short,  the  question 
of  sexuality  in  trypauosomes  may  be  summed  iip  in  the  words  of 
Miss  Robertson  (1912,  p.  247)  :  "  There  is  at  present  no  sound  evidence 
of  conjugation  in  any  trypanosome  life-cycle  so  far  worked  out." 

We  have  ourselves  searched  most  carefully,  but  in  vain,  for  sexual 
phases  and  syngamy  in  the  development  of  T.  lewisi.  As  stated 
above  (p.  519),  we  found  in  one  flea  long  crithidial  forms  adhering  in 
couples  in  a  manner  very  suggestive  of  true  sexual  behaviour,  and 
believed  that  we  had  obsei'ved  true  syngamy.  We  were  never  able, 
however,  to  confirm  this  observation  or  carry  it  any  further,  and  we 
are  now  convinced  that  the  phenomena  observed  on  that  occasion 
■were  simply  processes  of  agglomeration  of  abnormal  forms  of  the 
tiyi^anosomes  in  a  malformed  flea.  When  we  discovered  the  stomach- 
phase  we  thought  it  very  probable  that  the  sexual  processes  might  take 
place  in  this  part  of  the  developmental  cycle,  and  we  were  inclined  to 
interpret  as  evidence  of  sexual  union  some  of  those  stages  with  two 
nn  and  two  NN,  such  as  PI.  36,  figs.  19-23,  which  are  certainly  at  first 
sight  very  suggestive  of  the  fusion  of  two  trypanosomes.  We  have  no 
evidence,  however,  of  any  subsequent  fusion  of  the  nuclei,  nor  of  any 
antecedent  processes  of  nuclear  reduction  such  as  should  be  the  pre- 
liminaiy  to  the  process  of  syngamy.  We  are  not  able  to  arrange  the 
figures  of  these  stages  in  any  series  which  would  suggest  a  sexual 
process.  In  shoi-t  we  are  not  able  to  interpret  these  forms  as  anything 
but  eai'ly  stages  of  the  multiplication  of  the  trypanosome. 

On  the  other  hand,  it  has  been  shown  convincingly  that  the  cycle  in 
the  invertebrate  host  effects  a  marked  change  in  the  properties  or 
idiosyncrasies  of  the  trypanosomes  that  have  undergone  it.  Gonder 
showed  that  an  arsenic-resistant  strain  of  T.  lewisi  remained  arsenic- 
resistant  so  long  as  it  was  transmitted  from  rat  to  rat  by  direct 
inoculation,  but  lost  that  property  when  transmitted  by  the  louse. 
Miss  Robertson  (1912)  also  found  that  strains  of  T.  gambiense 
became  changed  in  character  when  transmitted  through  the  tsetse-fly, 
and  remarks  :  "  It  seems  clear  that  the  cycle  in  the  fly  as  a  whole, 
whether  conjugation  actually  occurs  or  not,  has  much  of  the  biological 
significance  of  the  process." 

Those  who  believe  that  trypanosomes  pass  through  sexual  phases  in 
their  invertebrate  host  will  be  inclined  to  ascribe  the  changes  in  the 
properties  of  the  parasite  to  the  effects  of  the  sexual  proc«jss.  At  the 
present  time  it  is  not  possible  either  to  affii*m  or  to  deny,  with  certainty, 
that  sexual  processes  occur.  All  that  can  be  said  with  any  approach 
to  verisimilitude  is  that  the  change  appears  to  be  connected  in  some 
way  with  the  metamorphosis  of  the  trypanosome  and  its  passage  through 
a  crithidial  stage  ;  but  proof  is  lacking  that  the  crithidial  stage  follows 
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upon,  and  is  tlie  product  of,  a  sexual  process.  Attention  may  be  drawn 
here  to  another  possibility  already  indicated  above,  namely,  that  the 
crithidial  phase  may  be  initiated  by  a  differentiating  division  into  twa 
inequipotential  products,  one  of  which  is  destined  to  be  eliminated 
sooner  or  later  from  the  direct  line  of  the  life-cycle.  If  this  supposition 
is  correct  a  possible  explanation  might  be  afforded  for  the  renovating 
effects  of  the  invertebrate  cycle.  In  the  present  state  of  knowledge, 
however,  such  an  explanation  must  remain  hypothetical,  and  lacking 
objective  foundation. 


PAET  III.— EXPEEIMENTAL  STUDY  OF  THE  PROBLEMS 
OF  THE    TRANSMISSION   AND   DEVELOPMENT. 

(1)    Introduction. 

Throughout  our  investigation  o£  the  relations  of  Try- 
panosoma lewisi  to  the  flea,  we  have  endeavoured,  as  far 
as  possible,  to  make  experiment  and  observation  go  hand  in 
hand,  employing  the  one  method  to  check  or  throw  light 
upon  the  results  obtained  by  the  other.  In  the  following 
pages  we  set  forth  our  results  in  a  number  of  sections  which 
arrange  themselves  naturally  into  two  groups.  One  grovip 
(sections  i-xv)  einbraces  problems  that  deal  with  the  complete 
cycle  (including  the  passage  of  the  propagative  forms  back 
into  the  rat)  and  with  the  establishment  of  T.  lewisi  in  the 
flea,  raising  questions  that  are  of  general  interest  in  the  study 
of  trypanosomiasis.  The  other  group  (sections  xvi-xix) 
deals  with  some  further  problems  that  are  of  interest  more 
especially  in  relation  to  the  flea  Ceratophyllus  fasciatus 
and  to  T.  lewisi  itself  under  more  or  less  special  conditions  in 
the  flea.  Each  section  is  headed  by  a  proposition  which  it  is  the 
object  of  the  experiments  cited  to  establish.  If  we  consider 
that  the  proposition  is  proved,  satisfactorily  by  our  experi- 
ments, it  is  put  in  the  form  of  a  positive  or  negative  state- 
ment; if,  on  the  otlier  hand,  the  problem  stands  in  need  of 
further  proof,  the  heading  of  the  section  is  expressed  in 
interrogative  form. 

The  details  of  each  experiment  are  given  when  it  is  cited, 
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but  a  few  general  remarks  upon  our  methods  may  be  made 
conveniently  at  this  point.  AVe  kept  going  two  breeding- 
cages  of  the  type  used  by  the  Plague  Commission  (see 
'Journal  oE  Hygiene/  vi,  PI.  iv).  In  one  cage  a  clean  rat 
"was  always  kept  to  feed  the  fleas,  in  the  other  an  infected 
rat ;  these  two  cages  are  designated,  in  the  account  of  our 
experiments,  the  non-infected  and  the  infected  breeding-cage 
respectively.  From  the  former  we  could  always  obtain  a 
plentiful  stock  of  clean  fleas  when  required,  while  the  latter 
furnished  infective  fleas.  The  rats  used  were  almost  always 
white  rats  bred  in  captivity ;  we  found  them  as  a  rule  docile 
and  good-tempered  so  long  as  they  were  handled  with  the 
hands  and  not  with  forceps,  and  the  operation  of  pricking 
their  tails  to  obtain  drops  of  blood,  when  required,  did  not 
arouse  their  resentment  in  the  slightest.  They  live  well  in 
captivity,  and  were  none  the  worse  for  being  exposed  to  the 
fleas  in  the  breeding-cages,  provided  the  number  of  fleas  was 
not  allowed  to  become  too  great.  Many  of  them  suffered, 
however,  from  a  troublesome  itch,  caused  by  a  minute 
Acarine,  which  is  very  difficult  to  get  rid  of.  One  of  our 
breeding-cages  became  over-run  by  rat-mites,  rendering  it 
necessary  to  destroy  it  and  start  a  fresh  one. 

For  our  actual  experiments  we  used  in  many  cases, 
especially  for  experiments  with  small  numbers  of  fleas,  cages 
of  special  design  in  the  form  of  a  cylindrical  tin-canister  with 
the  bottom  closed  in  with  tin,  the  top  provided  with  a  lid 
with  a  tightly-fitting  rim.  The  canister  was  10  in.  high  and 
6  in.  in  diameter.  The  top  of  the  lid  was  made  of  strong 
wire  gauze,  to  prevent  the  rat  jumping  out,  and  over  that 
muslin-gauze  was  pasted  to  prevent  escape  of  fleas.  After 
these  cages  had  been  in  use  for  some  time,  however,  they 
tended  to  become  rusty  on  the  inside  and  then  the  fleas  could 
climb  up  the  tin  easily.  Consequently,  it  was  found  more 
suitable  to  use  inverted  bell-jars,  each  about  15i  in.  in  height 
and  7  in.  in  diameter.  The  bell-jars  were  supported  each  on 
a  wooden  block,  or  several  together  in  a  wooden  crate.  The 
open    upper    end    of  the  bell-jar  had  a  zinc  wire   cover  to 
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prevent  tlie  rat  jumping  out,  but  it  was  not  necessary  to  take 
precautions  against  the  fleas  escaping,  because  tbey  are 
unable  either  to  jump  so  high  or  to  crawl  up  tlie  smooth  glass 
if  kept  clean.  The  bell-jars  were  cleaned  out  thoroughly 
once  a  week. 

The  bell-jars  were  especially  suited  for  experiments  with 
single  fleas  or  a  small  number  of  fleas.  First  of  all  clean 
saw-dust  is  put  in  the  bell-jar  to  a  depth  of  about  3  in.,  then 
the  rat  and  the  flea  or  fleas  are  put  in.  Since  Cerato- 
phyllus  fasciatusis  a  flea  which  does  not  live  perma- 
nently on  the  rat  but  only  goes  on  to  it  for  food,  and  lives 
naturally  in  rat-burrows,  the  fleas  were  generally  to  be  found 
without  difficulty  in  the  saw-dust,  when  it  was  necessary  to 
recover  them,  but  sometimes  they  were  on  the  rat  itself.  In 
the  latter  case  the  rat  was  held  over  a  deep  bowl  of 
enamelled  iron  and  the  flea  disturbed  by  blowing  on  to  the 
fur  of  the  rat,  which  has  the  effect  of  soon  making  the  flea 
come  to  the  surface  of  the  fur.  It  was  then  captured,  as  a 
rule,  by  seizing  it  gently  by  finger  and  thumb,  an  operation 
which  must  be  performed  rapidly  and  deftly,  otherwise  it 
burrows  down  into  the  fur  and  must  be  dislodged  again. 
Sometimes  the  flea  drops  off  the  rat  and  falls  into  the 
bowl,  where  it  can  be  recaptured  easily.  Our  assistant, 
Mr.  George  Kauffmann,  became  exceedingly  expei't  at  this 
job,  and  if  a  flea  could  not  be  found  by  him  it  was  safe  to 
assume  that  it  had  died  or  been  eaten.  In  our  earlier  experi- 
ments we  used  chloroform  for  recovering  the  fleas,  but  later 
we  abandoned  this  method,  often  fatal  to  the  rats. 

In  some  cases  it  was  required  to  expose  a  large  number  of 
fleas — 200  or  so — to  infection  on  an  infected  rat  for  a  night 
or  a  day.  For  this  purpose  the  bell-jar  was  also  handy,  but 
it  was  often  found  that  the  rat  ate  a  great  many  of  the  fleas, 
sometimes  as  many  as  100  or  more  in  a  single  night.  To 
prevent  this  a  cylinder  of  wire  gauze  was  made,  of  sufficient 
length  to  fit  into  the  bell-jar  in  such  a  way  that  its  two  ends 
were  closed  by  the  glass  wall  of  the  jar,  and  of  such  a  calibre 
as  to  allow  the  rat  to  walk  forwards  or  backwards  along  it, 
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but  not  wide  enough  to  permit  the  rat  to  turn  round  or  use 
its  paws  freely,  and  consequently  hindering  it  from  catching 
and  eating  the  fleas. 

For  the  purpose  of  collecting  large  numbers  of  fleas  from 
the  breeding-cage  the  following  method  was  found  to  be  the 
simplest :  Two  glass  capsules  Avere  used^  each  provided  with 
a  well-fitting  lid,  the  one  smaller,  about  2j  in.  in  diameter 
and  Ijin.  in  height;  the  other  larger,  about  Gin.  in  diameter 
and  3  in.  in  height.  First  of  all,  debris  from  the  breeding- 
cage  containing  fleas  in  all  stages  of  their  development  is 
scooped  up  with  the  small  capsule  and  the  lid  at  once  clapped 
on.  Then  the  small  capsule  is  placed  in  the  large  one  :  the 
lid  of  the  small  capsule  is  removed  with  one  hand,  and  the  lid 
of  the  large  one  put  on  with  the  other.  The  adult  fleas  in 
the  small  capsule  then  begin  at  once  to  jump  out  of  it  in 
every  direction,  and  so  fall  into  the  enclosing  large  capsule, 
in  which  they  soon  collect  on  the  side  furthest  from  the  light. 
When  the  fleas  have  swarmed  out  in  this  way  the  small 
capsule  is  removed  and  the  debris  contained  in  it  is  returned 
to  the  breeding-cage.  The  fleas  in  the  large  capsule  can  then 
be  emptied  through  a  glass  funnel  into  a  suitable  receptacle, 
such  as  an  Erlenmeyer  flask.  Or,  if  the  large  capsule  be  left 
to  stand  until  all  the  fleas  have  congregated  on  the  side  furthest 
from  the  light,  then  by  suddenly  turning  the  capsule  round 
through  about  180°,  so  that  the  side  which  was  furthest  from 
the  light  is  now  the  most  illuminated,  the  fleas  begin  at  once 
to  move  towards  the  opposite  side  ;  and  if  then  the  small  cap- 
sule be  held  in  their  way  they  can  be  made  to  jump  into  it  of 
their  own  accord,  and  they  can  thus  very  easily  be  counted 
and  disposed  of  as  required.  Ceratophyllus  fasciatus  is 
not  a  very  good  jumper  and  its  trajectory  is  low. 

The  fleas  collected  can  be  kept,  if  required,  for  a  considerable 
time;  we  found  the  best  method  was  to  put  a  little  clean  white 
sand,  moistened  with  two  or  three  drops  of  water,  at  the 
bottom  of  a  flask.  The  fleas  burrow  down  into  the  sand  and 
appear  to  live  comfortably.  If  they  are  to  be  kept  any 
length  of    time  the  sand    must    be    moistened    again  every 
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two  or  three  days.     Like  most   blood-suckers^   the   flea    can 
stand  a  prolonged  fast. 

(2)   General  Peoblems. 

(i)   Trypanosoma  lewisi   is  transmitted  from  Rat  to 
Rat  hy  the  Rat-flea,  Ceratophyllus  fasciatus. 

It  is  not  necessary  that  we  should  cite  experiments 
specially  to  prove  this  proposition,  since  it  is  established  by 
the  experiments  brought  forward  under  the  headings  that 
follow,  and  it  has  been  proved  beyond  allpossibility  of  reason- 
able doubt  by  experiments  already  published  by  others  as 
well  as  by  ourselves. 

The  agency  of  fleas  in  the  transmission  of  T.  lewisi  was  fii-st  demon- 
strated by  Rabinowitsch  and  Kempner  (1899),  who  succeeded  in  infect- 
ing clean  rats  by  intra-peritoneal  injection  of  teased-np  fleas  (species 
not  stated)  which  had  previously  been  fed  on  infected  rats.  In  these 
experiments  the  trypanosomes  appeared  in  the  blood  of  the  rats  in  six 
to  eight  days  after  the  injection.  The  authors  state  that  they  were  not 
able  to  find  any  stages  of  the  trypanosome  in  the  flea-debris  which 
was  injected.  They  also  obtained  positive  results  by  placing  fleas, 
previously  fed  on  infected  rats,  upon  clean  rats  ;  the  ti-ypanosomes  made 
their  appearance  in  the  blood  of  the  rats  after  two  to  three  weeks. 
Their  exj)eriments  with  lice  gave  negative  i-esults. 

In  spite  of  the  experiments  of  Rabinowitsch  and  Kempner,  the  work 
of  Prowazek  (1905)  on  the  development  of  T.  lewisi  in  the  rat-louse, 
Haematopinus  spinulosus,  led  to  this  insect  being  regarded  as  the 
time  host  of  the  rat-trypanosome,  and  no  more  experiments  with  fleas 
appear  to  have  been  undertaken  until  those  of  Xuttall  (1908),  who 
obtained  positive  infections  of  rats  with  fleas,  using  both  Cerato- 
phyllus fasciatus  and  Ctenoj)hthalmus  agyrtes.  Two  years 
later  we  published  accoimts  of  a  number  of  experiments,  since  when  the 
role  of  the  flea  has  been  established  Ijeyond  the  necessity  of  fui-ther 
experiment  upon  the  subject. 

We  have  confined  oui-  experiments  throughout  solely  to  the  common 
EngUsh  rat-flea,  Ceratophyllus  fasciatus,  but  it  has  been  shown 
by  Noller  (1912)  and  Wenyon  (1913)  that  the  transmission  can  be 
effected  by  other  species  of  fleas,  namely,  the  dog-flea,  Ctenoce- 
phalus  canis;  the  human  flea,  Pulex  irritans;  and  the  Indian 
rat-flea,  Xenopsylla  cheopis.  It  is  indeed  noteworthy  that  other 
species  of  fleas  appear  to  be  more  efficient  as  time  hosts  of  the  rat- 
trypanosome  than  the  species  which  in  this  country  occurs  habitually 
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in  association  with  rats,  since  Dr.  Wenyou  has  informed  us  that  in  the 
fleas  vrith  which  he  experimented,  the  ti-ypanosomes  never  failed  to 
establish  themselves  and  to  go  through  their  complete  developmental 
cycle,  while  in  Ceratoi)hyllus  f  asciatus  we  found  that  only  a  small 
percentage  of  the  fleas  became  infective  (see  below),  and  examination  of 
the  fleas  showed  that  the  trypanosomes  estalilish  themselves  in  a  coire- 
spondingly  small  percentage  (see  p.  659).  It  would  appear,  therefore, 
that  the  flea  which,  more  than  any  other  species,  is  exposed  in  this 
country  to  infection  by  T .  lewisi,  has  developed  a  certain  degree  of 
natiu'al  immunity  to  the  parasite.  From  the  experiments  published  by 
the  authors  cited  it  is  probable  that  T.  lewisi  would  undergo  its 
development  in  any  species  of  flea,  and  would  be  transmitted  by  it,  iJro- 
vided  that  the  flea  could  be  induced  to  suck  the  blood  of  an  infected 
rat.  The  natural  efficacy  of  any  given  species  of  flea  in  transmitting 
T.  lewisi  depends  probably  on  the  habits  and  tastes  of  the  flea,  and 
not  on  any  specific  ability  to  harbour  the  trypanosome.  Brumpt  (1913) 
has  pointed  out  that  all  the  tiypanosomes  of  small  rodents  seem  to  be 
able  to  develop  in  fleas. 

A  number  of  experiments  have  been  perfoiined  by  several  investi- 
gators on  the  transmission  of  T.  lewisi  by  means  of  the  rat-louse. 
Hsematopinus  spinulosus.  The  first  experiment  with  rat-lice 
(species  not  stated)  was  can-ied  out  by  MacNeal  (1904).  who  transferred 
"  several  *'  lice  from  an  infected  to  a  clean  rat :  trypanosomes  apj^eared  in 
the  latter  after  fourteen  days.  Positive  results  in  experiments  of  tliis 
kind  with  rat -lice  are  repoi-ted  by  Nuttall  (1908),  Baldrey  (1909).  BreinI 
and  Hindle  (1909),  Manteuffel  (1909),  and  Gonder  (1911).  To  judge, 
however,  from  the  published  accounts  of  these  transmission-experi- 
ments, positive  results  were  by  no  means  frequent  and  were  ol^tained  in 
some  cases  at  least  with  difiiculty  and  by  the  exercise  of  great  patience 
and  perseverance,  or  by  using  large  numbers  of  lice.  Nuttall  obtained 
one  positive  result  in  an  experiment  in  which  sixty  lice  were  used  ;  two 
other  expei'iments,  in  which  fewer  lice  wei*e  used,  were  negative. 
Baldrey  reports  two  experiments  in  which  infection  was  obtained  by 
means  of  lice  ;  in  the  first.  100  lice  were  used,  and  the  result  is  regarded 
by  him  as  a  case  of  direct  mechanical  infection,  but  for  what  reason  is 
not  at  all  clear ;  the  second,  in  which  ten  lice  were  used,  is  interpreted 
as  demonstrating  a  developmental  cycle  in  the  louse.  BreinI  and 
Hindle  report  thi'ee  successful  transmissions  by  means  of  lice,  after 
caiTying  on  numerous  experiments  for  over  a  year.  ManteufPel  seems 
to  have  been  more  successful  than  most  other  experimenters  in  this 
field,  though  he  does  not  record  the  actual  number  of  his  experiments 
or  the  proportion  of  those  which  were  positive  in  result,  but  he  states 
that  infections  with  lice  were  "  prompt  and  frequent  "  ;  his  method  was 
to  put  infected  rats,  with  lice  on  them,  in  the  same  cage  with  clean 


THE    EAT-TRYPANOSOME,    TEYPAXOSOMA    LEWISI.        611 

rats,  and  from  his  results  he  concludes  that  lice  do  not  transmit  the 
tiypanosome  longer  than  from  thi-ee  to  five  days  after  l^eing  removed 
from  the  infected  rat,  and  that  the  transmission  is  effected  by  the  act  of 
blood-sucking  ;  if  the  first  of  these  two  conclusions  be  true,  it  would 
appear  that  the  tiypanosome  does  not  succeed  in  establishing  itself  in 
the  louse  in  the  way  it  does  in  the  flea.  Gonder  rejiorts  that  after  many 
fruitless  attempts  to  transmit  T.  lewisi  with  definite  numbers  (80- 
100)  of  lice,  he  obtained  six  positive  results  in  a  series  of  fifty  experi- 
ments, and  eight  positive  results  in  another  series  of  fifty,  using  greater 
numbers  (grijssere  Mengenj  of  lice ;  and  he  also  brought  about  six 
infections  by  making  emulsions  of  lice  taken  directly  from  an  infected 
rat,  the  lice  having  been  left  on  the  infected  rat  for  five,  nine,  eleven, 
thirteen,  sixteen,  and  twenty-one  days  respectively,  in  these  six  experi- 
ments. On  the  other  hand,  Prowazek,  who  fii'st  described  developmental 
stages  in  the  louse  and  claimed  that  this  insect  was  the  true  host  of  T. 
lewisi,  was  unable  to  obtain  experimental  transmission;  Rodenwaldt 
obtained  no  positive  results  with  numerous  transmission-experiments ; 
and  we  also  have  obtained  only  negative  results  in  any  attempts  that 
we  have  made  to  transmit  T.  lewisi  by  means  of  the  i-at-louse. 

It  is  evident  from  the  results  summarised  briefly  in  the  foregoing 
paragraph  that  ti-ansmission  of  T.  lewisi  can  be  effected  by  the  rat- 
louse,  but  only  with  difliculty,  and  in  a  small  percentage  of  cases. 
This  is  a  great  contrast  to  the  ease  and  comparative  certainty  with 
which  the  trypanosome  can  be  transmitted  by  fleas.  We  have  always 
used  our  flea-cages  as  the  simplest  and  easiest  method  of  obtaining 
infected  rats  when  required  by  ourselves  or  by  oiu- colleagues  or  friends, 
and  not  only  have  we  infected  rats  with  single  fleas  on  many  occasions, 
but  we  have  even  succeeded  in  infecting  several  rats  successively  with 
one  and  the  same  flea.  We  have  no  hesitation,  therefore,  in  regarding 
fleas  as  the  usual  agency  whereby  T.  lewisi  is  transmitted  from  rat 
to  rat  in  Nature,  a  result  In-ought  about  l)y  the  louse  rarely  and 
exceptionally. 

It  should  be  noted  that  Brumpt  (1913)  has  succeeded  in  infecting  a 
rat  with  T.  lewisi  by  inoculating  it  with  the  rectal  contents  of  a  bug, 
Cimex  lectularius,  fed  on  an  infected  rat  thirty-eight  and  again  six 
days  i)reviously.  There  is  no  evidence,  however,  that  this  insect 
transmits  the  infection  naturally. 

(li)  The  Transmission  takes  place   by    the   Cyclical 
Method.      Transmission    by    the   Direct  Method 
has   not  been  proved  to  occur. 
These  are  among  the  conclusions  drawn  from  experiments 

described  in  full  detail  in  our  preliminary  report   (1910).      It 
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is  suflBcient  hei'e  to  state  that  experiments  "A"  (20)  and 
"  B "  (21)  in  our  report  were  devised  chiefly  to  separate 
''  direct "  from  ''  cyclical "  infection,  a  matter  of  primary 
importance  at  the  time  that  these  investigations  were  begun, 
and  they  show  that  in  the  individual  cases  cited  (A3  and  B^) 
transmission  was  effected  when  all  possibility  of  the  direct 
method  was  excluded.  Experiments  "  C  "  (22)  and  ''  D  '^  (23) 
multiply  such  cases  many  times,  and  show  further  that  fleas 
once  infective  retain  the  infection  so  as  to  infect  a  series  of 
rats  without  themselves  being  exposed  to  fresh  infection. 
Since  then  a  number  of  experiments  have  been  carried  out 
by  us,  many  of  which  are  enumerated  under  the  different 
headings  which  follow,  and  the  sum-total  of  these  experiments 
not  only  supports  the  conclusions  in  our  preliminary  report, 
but  establishes  beyond  doubt  that  the  i-at-flea  is  a  true  inter- 
mediate host,  that  it  can  transmit  the  infection  to  other  clean 
rats  only  after  the  developmental  cycle  has  been  completed 
within  itself;  that,  in  short,  the  infection  takes  place  by  the 
cyclical  method ;  and  that  there  is  no  evidence  whatever  to 
show  that  the  rat-flea  is  capable  of  carrying  the  infection 
from  one  rat  to  another  by  what  is  called  the  "direct  "or 
"mechanical"  method. 

The  term  metliod  in  the  phrase  '•  method  of  transmission,"  if  used 
without  qualification,  should  include  comprehensively  all  that  happens 
in  the  transmission  of  infection  from  one  vertel^rate  to  another.  In  the 
transmission  of  ti-ypanosomes  the  natural  transmitting  agent,  when 
such  is  known,  is  a  blood-sucking  invei-tebrate  of  some  kind.  When 
the  method  is  said  to  be  "  contaminative "  or  "  inoculative,"  trans- 
mission is  viewed  from  the  side  of  the  invertebrate  in  its  relation  to  the 
vertebrate,  and  the  problems  involved  are  particular,  that  is  to  say 
such  as  deal  with  modifications  due  to  special  circumstances  in  those 
relationships,  and  are  concerned  at  most  with  special  groups  of 
trypanosomiases  rather  than  with  trypanosomiasis  in  general.  On  the 
other  hand  when  the  method  of  transmission  is  said  to  be  "  cyclical " 
or  "  direct,"  transmission  is  viewed  from  the  side  of  the  trypanosome  in 
its  relation  to  the  invertebrate,  and  the  problem  becomes  a  general  one, 
dealing  with  that  phase  of  the  transmission  which  is  concerned  with  the 
life-history  of  trypanosomes  as  a  group  of  parasites,  and  with  the  wider 
question  of  their  double  relationship  to  vertebrate  and  invertebrate. 
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bringing  them  into  line  with  other  known  relationships  among  parasitic 
Protozoa  in  this  respect. 

A  great  impetus  was  given  to  the  study  of  trypanosomes  by  economic 
and  other  considerations  arising  out  of  the  prevalence  of  tsetse-fly 
disease  and  sleeping  sickness  in  Africa.  It  was  long  known  that  these 
diseases  could  be  transferred  artificially  by  direct  inoculation  of  blood 
from  a  diseased  to  a  healthy  subject  by  means  of  a  hypodermic  syringe. 
Naturally,  therefore,  before  much  work  had  been  done  in  this  dii*ection 
tsetse-flies  known  to  be  associated  with  the  spread  of  these  diseases 
were  supposed  to  transmit  them  in  this  direct  way.  Bruce  and  others, 
experimenting  with  bred-out  flies,  proved  the  possibility  of  this  taking 
place  under  certain  conditions  which,  in  the  case  of  sleeping  sickness 
at  all  events,  were  very  unlikely  ever  to  be  fulfilled  in  Nature.  Only 
with  a  swarming  infection  and  by  interrupted  feeding  could  the 
disease  be  passed  on  directly  from  an  infected  to  a  clean  animal 
with  any  approach  to  certainty,  and  even  under  the  most  favourable 
conditions  in  other  respects,  the  longer  the  interval  between  inter- 
rupting the  feed  on  the  infected  animal  and  continuing  it  on  a  clean 
animal,  the  less  the  chance  of  the  clean  animal  becoming  infected, 
until,  with  the  lapse  of  about  half-an-hour,  it  was  just  as  certain 
that  the  infection  would  not  take  place.  Moreover,  however  short 
the  interruption  between  the  feeds,  an  interposed  partial  feed  on  a 
clean  animal  rendered  the  fly  non-infective  to  a  second  clean  animal. 
Later  experiments  showed  that  the  contents  of  the  stomachs  of  flies 
that  had  fed  on  an  infected  animal,  if  injected  into  a  clean  animal, 
could  produce  infection  only  up  to  about  two  days  after  the  infective 
feed.  The  fly  itself,  however,  could  not  be  shown  to  act  in  any  way 
resembling  a  hypodermic  syringe,  and  the  idea  of  "  delayed  mechanical 
transmission"  never  found  support  from  feeding  experiments.  The 
conclusion  to  be  drawn  from  all  the  earlier  experiments  on  direct 
transmission  seemed  to  be  that  when  infection  was  obtained  it  was 
with  "fouled  proboscis"  before  the  blood  in  its  lumen  distal  to  the 
entrance  of  the  salivary  duct,  and  perhaps  also  on  its  external  surface, 
had  had  time  to  dry,  and  that  the  conditions  under  which  it  was 
shown  to  be  possible  were  never  likely  to  be  fulfilled  in  Nature,  in 
the  case  of  sleeping  sickness,  and  in  the  case  of  tsetse-fly  disease  of 
cattle,  far  too  seldom  to  account  for  the  spread  of  the  disease,  while 
in  no  case  could  such  a  method  of  transmission  account  for  the 
existence  of  fly-belts  through  which  healthy  domestic  stock  cannot 
pass.  Other  things  being  equal,  the  efliciency  of  an  invertebrate  as 
a  transmitter  of  trypanosomes  would  be  enormously  increased  if  the 
invertebrate  were  a  true  intermediate  host  and  not  merely  a  "  porter  " 
of  the  parasites  from  an  infected  to  a  clean  subject,  and  to  demon- 
strate beyond  doubt  that  trypanosomes  underwent  an  alternation  of 
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generations  was  of  primary  impoi-tance  in  connection  with  the  general 
trypanosome  problem  at  the  time  that  we  undertook   this   investiga- 
tion, when  it  was  being  maintained  by   Patton   and   others  that   no 
trypanosomes  went  through  a  developmental  cycle  in  the  invei-tebrate, 
that  all  transmission  of  trypanosomes  was  direct,  and  that  the  crithidial 
forms  found  in  blood-sucking  invertebrates  were  all  of  them  indeiiendent 
parasites  of  the  invertebrate,  having  no  connection  with  the  trypano- 
somes or  other  parasites  of  the  vertebrate.     It  was  known  that  rat-fleas 
could  transmit  T.  lewisi  from  infected  to  clean  rats,  and  although 
transmission  by  fouled  proboscides  seemed  quite  out  of  the  question,  it 
was  necessary  to  demonstrate  beyond  doubt  that  the  rat-flea  is  a  true 
intennediate  host  of  T.  lewisi,  that  it  can  transmit  the  infection  to 
other  rats  only  after  the  developmental  cycle  has  been  completed  within 
itself,  and  that  once  infected  it  remains  infective  for  a  considerable 
time,  so  as  to  be  able  to  infect  a  series  of  clean  rats  without  itself  being 
exposed  again  to  infection.     These  points,  which  we  believe  concern  the 
transmission  of  trypanosomes  in  general,  and  which  may  be  taken  as 
typical  of  the  relations  which  trypanosomes  as  a  gi-oup  bear  to  their 
invertebrate  hosts,  as  well  as  other  points  of  more  special  interest  (con- 
fined, it  may  be,  to  T.  lewisi  alone  or  to    the   lewisi    gi-oup),  are 
dealt  with  under  different  headings  in  what  follows  later.     Although 
the  practical  cannot  properly  be  separated  from  the  scientific,  the  most 
interesting  problem  of  the  transmission  from  the  scientific  point  of 
view  is  perhaps  the  way  in  which  the  trypanosome  becomes  established. 
There   are   considerable  variations   in   the   details   of    the    cycles    of 
different  species  or  groups  of  trypanosomes  in  their  natui-al  hosts  due 
to  special  conditions,  but  arising  oiit  of  the  very  meaning  of  a  cycle, 
and  therefore  common  to  all  is  the  fact  that  until  the  cycle  is  com- 
pleted the  invei-tebrate,  though  infected,  is  not  infective.     This  may 
be  of  direct  practical  importance   in   special   cases,   and   where  that 
is  so  it  is  impoi*tant  to  ascertain  the  length  of  time  required  for  the 
completion   of  the   cycle   in  each   case.      Of   more  general   practical 
importance  in  questions  connected  with  the  spread  of  infection  is  the 
fact  that  the  tiypanosome  does  establish  itself  in  such  a  way  that  the 
invertebrate  remains  infective  for  a  long  time  without  requiring  to  be 
exposed  again  to  infection. 

(iii)  The  Trypanosomes  make  their  Appearance  in 
the  Blood  of  the  Rat  Five  to  Seven  Days  after 
Infection;  the  Multiplication  of  the  Trypano- 
somes in  the  Blood  of  the  Rat  come  to  an  End 
Eleven  to  Thirteen  Days  after  Infection. 

In   order  to   establish  with   exactness  the    length    of    the 
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incubation-pei'iod  and  the  multiplication-period  in  the  rat 
after  infection,  it  is  necessary  that  the  rat  should  have  been 
exposed  to  infection  by  the  fleas  for  a  short  time ;  long 
exposure  leaves  too  wide  a  margin  between  the  possible 
maximum  and  minimum  deducible  from  the  actual  data 
furnished  by  the  experiment  for  the  mean  to  be  of  any  value 
in  reckoning  the  length  of  the  two  periods  in  question. 
When  the  rat  is  removed  from  contact  with  the  infected 
fleas  it  is  further  very  necessary  that  all  fleas  should  be 
removed  from  its  skin.  The  rat  is  then  kept  in  a  flea-proof 
cage  and  its  blood  is  examined  daily  in  fresh,  living  films 
until  trypanosomes  are  first  detected  in  it,  in  order  to  deter- 
mine the  duration  of  the  incubation-period  ;  then  smears  of 
the  blood  are  made  and  preserved  daily  and  examined  until 
the  multiplication-period  is  found  to  be  past  and  ended.  So 
long  as  the  trypanosomes  are  multiplying  in  the  rat's  blood, 
they  are  of  various  sizes,  some  of  the  ordinary,  normal  size, 
others  very  small,  and  others  again  much  above  the  normal 
size.  Marked  variation  in  the  size  of  the  trypanosomes  is  a 
sure  sign  that  multiplication  is  proceeding,  even  when  actual 
division-stages  are  so  scarce  in  the  preparation  that  pro- 
longed search  is  necessary  in  order  to  find  them.  As  soon  as 
the  multiplication  is  ended  the  trypanosomes  are  all  of  one 
type  and  size,  allowing  for  slight  individual  variations  that 
are  not  perceptible  without  careful  measurement ;  to  such 
trypanosomes,  the  normal  form  of  T.  lewisi  and  the  sole 
form  occurring  in  the  blood  when  once  the  multiplication  is  at 
end,  we  shall  refer  always  as  "  ordinary." 

We  cite  here  a  few  examples  from  our  series  of  experiments, 
choosiug  first  (Table  C),  those  in  which  the  rats  were  exposed 
to  infection  for  one  day  only,  so  that  the  periods  of  incubation 
and  multiplication  can  be  determined  within  a  margin  of  one 
day.  In  our  second  table  (D),  we  quote  those  instances  in 
which  the  rats  were  exposed  to  infection  for  two  days,  so  that 
a,  wider  margin  of  possible  error  must  be  allowed  for  in 
calculating  the  two  periods.  In  a  third  table  (E),  we  shall 
give  some  results  obtained  with    rats  which  were  infected 
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each  by  a  single  flea,  in  order  to  show  that  in  many  cases,  at 
least,  the  maximum  periods  of  incubation  and  multiplication 
which  can  be  deduced  from  experiments  under  these  con- 
ditions are  not  greater  than  those  indicated  by  the  experi- 
ments in  which  many  fleas  were  used  to  obtain  infection.  In 
a  fourth  table  (F)  we  give  for  comparison,  the  results  obtained 
by  inoculating  rats  with  the  stomachs  or  recta  of  fleas  ;  in 
such  cases  the  length  of  the  periods  of  incubation  and  multi- 
plication can  be  determined  with  exactness,  the  moment  of 
infection  being  known. 


The  determination  of  the  length  of  the  multiplication-period  in  an 
infected  rat  is  of  practical  importance  for  interpreting  other  experi- 
ments, since,  when  it  has  been  determined,  it  furnishes  a  datum  from 
which  approximately  accurate  conclusions  can  be  drawn  as  to  the  time 
at  which  the  rats  become  infected,  when  the  point  is  shown  definitely  by 
the  details  of  the  experiment.  As  regards  the  first  appearance  of  the 
trypanosomes  in  the  blood,  they  appear  at  first  in  such  scanty  numbers 
that  it  is  very  easy  to  overlook  them,  and  they  may  often  be  reported 
absent  when  a  more  prolonged  search  would  have  detected  their 
presence.  Similarly,  the  trypanosomes  at  the  end  of  the  multiplica- 
tion-period may  sometimes  have  been  reported  as  "  all  ordinary  "  in  a 
smear  in  which  more  careful  searching  might  have  led  to  the  discovery 
of  a  few  individuals  above  or  below  the  normal  size.  Consequently,  the 
errors  of  observation  are  such  as  tend  to  over-estimate  the  length  of 
the  incubation-period,  and  to  under-estimate  that  of  the  multiplication- 
period,  from  the  scrutiny  of  the  blood-films.  On  the  whole,  however, 
the  results  obtained  in  our  experiments  are  very  uniform  and  indicate 
an  incubation-period  of  about  six  days,  a  multiplication-period  of  about 
twelve  days.  It  is  interesting  to  note  that  these  results  agree  with 
those  obtained  in  the  case  of  rats  infected  artificially  by  inoculation, 
intra-peritoneal  or  otherwise,  with  blood  from  an  infected  rat.  Since  a 
syi'inge  would  inoculate  far  more  trypanosomes  than  the  ra.t  would 
obtain  from  even  a  large  number  of  fleas,  it  might  have  been  expected 
that  the  rat  would,  so  to  speak,  fill  up  quicker  when  infected  by  means 
of  a  syringe,  and  that  consequently  the  multiplication-i^eriod  would  be 
correspondingly  shorter.  In  our  experience,  however,  the  length  of  the 
multij)lication-period  remains  ai:)proximately  constant  in  all  cases, 
whether  the  infection  is  effected  by  a  syringe,  by  a  large  number  of 
fleas,  by  a  few  fleas,  or  even  by  a  single  flea  ;  a  fact  which  indicates  that 
the  length  of  time  during  which  the  trypanosome  multiplies  in  the  rat 
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is  not  determined  l^y  the  number  of  trypanosomes  put  into  tlie  rat,  hut 
by  the  mutual  interaction  of  host  and  parasite. 

It  may  be  noted  here  that  some  rats  appear  to  possess  a  certain 
degree  of  natural  immunity  to  infection  with  T.  lewisi.  A  single 
instance  which  came  under  our  experience  will  suffice  to  demonstrate 
this  point.  A  i-at  was  exposed  to  infection  on  Jime  9th  and  its  blood 
was  examined  daily :  on  June  25th  a  few  trypanosomes  were  first  seen 
in  the  blood  in  scanty  numbers,  just  as  they  are  usually  seen  at  their 
fii-st  appearance  between  the  fifth  and  seventh  days  of  the  infection. 
The  fat  was  then  removed  from  contact  with  the  fleas  and  kept  apart ; 
but  neither  on  the  next  day  nor  on  any  subsequent  day  were  any  ti-y- 
panosomes  to  be  found  in  its  blood.  This  rat,  therefore,  contracted 
only  a  transitory  infection  which  was  late  in  its  appearance  and  dis- 
appeared after  one  day  ;  had  the  trypanosomes  been  overlooked  on  that 
day  the  experiment  would  have  been  returned  wrongly  as  negative  in 
result. 

(iv)  The  Cycle  of  Development  in  tlie  Flea  requires 
a  Minimum   of  Five  Days  for  its   Completion. 

This  point  was  dealt  with  iu  our  preliminary  communication 
(1910),  in  which  we  came  to  the  conclusion  that  the  incuba- 
tion in  the  flea  was  six  or  seven  days.  Our  method  of  detei'- 
mining  this  was,  first  of  all  to  expose  non-infected  fleas  to 
infection,  by  putting  them  on  a  well-infected  rat,  for  but  a 
single  day,  so  that  if  the  fleas  afterwards  produced  an  infection, 
the  time  at  which  they  themselves  became  infected  could  be 
determined  within  a  narrow  margin,  twenty-two  hours  in  our 
actual  experiment.  The  fleas  were  then  placed  in  contact  for 
three  days  with  clean  rat  (1)  which  did  not  become  infected; 
after  that  for  three  days  with  clean  rat  (2j,  which  also  did  not 
become  infected;  and  then  for  two  days  on  clean  rat  (3), 
which  showed  trypanosomes  in  its  blood  six  days  after  being 
removed  from  contact  with  the  infected  fleas.  Clean  rat  (3) 
was,  therefore,  infected  by  the  fleas  in  the  interval  between 
the  sixth  and  eighth  day  after  the  fleas  themselves  had 
acquired  the  infection;  consequently  the  infection  in  the  fleas 
could  not  have  been  more  than  eight  days  old. 

Subsequent  experiments  performed  by  us  have  indicated  a 
possible  minimum  of  five  days  for  the  flea-cycle  of   the  try- 
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panosome.  In  experiment  39  (see  below^  p.  630)  it  is  proved 
that  the  rectum  of  the  flea,  injected  into  the  rat,  can  produce 
an  infection  as  early  as  the  fifth  day,  and  in  such  fleas  the 
examination  of  fihns  shows  the  presence  of  the  small  trypano- 
somes  which  are  the  final  form  of  the  development  in  the  flea. 
In  experiments  26  and  28,  undertaken  in  order  to  ascertain 
■whether  a  rat,  in  which  the  trypanosomes  are  still  in  the 
multiplication-period,  is  capable  of  infecting  fleas  (see  below, 
p.  657),  the  results  obtained  indicated  a  short  incubation- 
period  in  the  fleas.  Thus  in  experiment  26,  127  fleas,  after 
being  three  days  (from  8  :  ii  :  '10  to  11  :  ii  :  '10)  on  the  in- 
fected rat  were  put  on  rat  187  for  another  three  days  (from 
11  :  ii  to  14  :  ii).  Rat  387  showed  trypanosomes  in  its  blood 
after  five  days  (19  :  ii),  and  the  multiplication-period  ended 
five  days  later  (24  :  ii) .  Consequently  the  incubation-period 
in  the  fleas  could  not  have  been  more  than  six  days  (8  :  ii  to 
14  :  ii).  In  experiment  28,  137  fleas  were  put  first  on  the 
infected  rat  for  four  days  (15  :  ix  :  '10  to  19  :  ix  :  '10),  and 
then  were  put  for  one  day  (19  :  ix  to  20  :  ix)  on  rat  209 ;  after 
this  they  were  put  on  rat  215  and  left  on  it.  Eat  209  had 
shown  no  infection  when  it  died  nine  days  later  (29  :  ix)  ; 
rat  215  first  showed  trypanosomes  on  30  :  ix,  and  the  multipli- 
cation Avas  ended  3  :  x.  This  result  indicates  that  rat  215 
was  infected  about  21  :  ix,  in  which  case  the  incubation-period 
in  the  flea  could  not  have  been  more  than  six  days  (15  :  ix  to 
21  :  ix).  Since  rat  209  showed  no  trypanosomes  for  at  least 
nine  days  after  being  exposed  to  infection  it  was  probably 
not  infected ;  so  that  the  infection  in  the  fleas  was  probably 
not  ripe  for  at  least  five  days  (15  :  ix  to  20  :  ix). 

On  the  other  hand  we  have  instances,  as  already  mentioned  in  oui' 
preliminary  communication  (1910),  of  an  incubation-period  in  the  flea 
apparently  much  longer  than  six  days.  Thus  in  experiment  19  a  cage 
(J)  was  stocked  with  seventy-two  fleas  from  the  non-infected  breeding- 
cage  and  an  infected  rat  (Ko.  81,  a  wild  black  rat,  naturally  infected) 
was  put  with  them  for  three  days  (20  :  ix  :  '09  to  23  :  ix  :  '09).  Rat  81 
was  then  removed  and  rat  82,  a  clean,  tame  rat,  was  put  in  its  place 
(23 :  ix)  and  left  in  the  cage.  Rat  82  first  showed  trypanosomes  in  its 
blood  29  :  X  ;   the    multiphcation-period   was  ended  about  4  :  xi,   indi- 
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eating  that  the  actual  infection  of  rat  82  took  place  about  23  :  x.  In 
this  case,  therefore,  the  fleas  did  not  ijroduce  an  infection  in  the  clean 
rat  for  at  least  a  calendar  month  after  their  contact  with  the  infected 
i-at  was  interrupted.  Such  a  result,  however,  pennits  of  no  conclusion 
whatever  as  to  the  length  of  the  incubation-period  in  the  flea ;  it  merely 
demonstrates  a  point  proved  also  by  other  experiments,  namely  that  in. 
fective  fleas  often  fail  to  infect.  We  have  put  foi-ward  already  (1910) 
one  possible  explanation  for  this,  that  a  rat,  which  is  comparatively 
immune  to  begin  with,  may  resist  infection  for  a  long  time,  but  its  re- 
sistance may  be  overcome  at  last.  Another  possible  explanation  may 
be  given  by  the  method  in  which  infection  of  the  i"at  by  the  flea  is  now 
known  to  take  place,  namely  by  the  rat  licking  off  the  moist  faeces  of 
infective  fleas  that  are  deposited  on  its  skin  (see  below,  p.  648).  It  is 
evident  that  if  the  rat  fails  to  lick  off  the  faeces  while  still  moist,  or  if 
the  infective  flea  does  not  defalcate  on  the  rat,  no  infection  is  brought 
about.  A  negative  result  of  this  kind  is  most  likely  to  be  attained  when 
the  numljer  of  infective  fleas  on  the  rat  is  very  small,  as  seen  in  the 
larce  number  of  negative  and  small  number  of  positive  results  in  our 
series  of  experiments  in  which  single  fleas  were  vised  (see  below,  p.  661). 
That  infective  fleas  in  Cage  J  were  rare  is  shown  by  the  fact  that 
between  23  :  ix  and  19  :  x  thirty  fleas  from  this  cage  were  dissected  and 
examined  without  finding  a  single  one  infected.  On  the  other  hand, 
when  fleas  are  sufficiently  numerous  and  have  been  well  infected,  posi- 
tive results  are  fairly  certain  (Experiment  "C"  of  oiu-  j^reliminarv 
report). 

(v)  Transmission  is  never  effected  until  the  Deve- 
lopmental Cycle  is  completed;  that  is  to  say^, 
until  at  least  Five  Days  liave  elapsed  since  the 
First  Exposure  of  the  Fleas  to  Infection. 

We  have  found,  as  already  stated,  by  direct  observation, 
that  the  final  form  of  the  developmental  cycle  appears  in  the 
gut  of  the  flea  five  days  after  the  infective  feed  (see  below, 
p.  630).  We  bring  forward  here  a  few  instances  to  show  that 
at  least  five  days  must  elapse  before  the  flea  becomes  infective, 
after  having  ingested  trypanosoraes  from  an  infected  rat. 

(1)  Experiment  20. — A  cage  colonised  with  forty-four  fleas  that 
had  been  exposed  to  infection  from  4  :  x  :  '09  to  8  :  x  :  '09. 

Rat  93  put  into  the  cage  from  8  :  x  to  12 :  x,  i.e.  duiing  a  penod 
in  which  the  age  of  the  infection  in  the  fleas  could  not  have  been  less 
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than  two  days  old  at  the  beginning  nor  more  than  eight  days  old  at  the 
end.     Resnlt  negative. 

(The  next  rat  used  in  this  experiment  died,  but  subsequent  rats  used 
showed  that  the  fleas  had  become  infective.) 

(2)  Experiment  21. — A  cage  colonised  with  157  fleas  that  had  been 
exposed  to  infection  from  11  :  x  :  '09  to  15  :  x  :  '09. 

Rat  97  put  in  from  15  :  x  to  19  :  x,  i.  e.  during  a  period  in  which  the 
age  of  the  infection  in  the  fleas  could  not  have  been  less  than  a  few 
hours  at  the  beginning  nor  more  than  eight  days  at  the  end.  Result 
negative. 

(The  next  rat  put  in  became  infected,  apparently  about  27  :  x ;  age  of 
infection  in  the  fleas  then  between  twelve  and  sixteen  days.) 

(3)  Experiment  2  2. — A  cage  colonised  with  160  fleas  exposed  to 
infection  from  24  :  xi  :  '09  to  27  :  xi  :  '09. 

Rat  116  put  in  from  27  :  xi  to  30  :  xi.  i.  e.  during  a  period  in  which 
the  age  of  the  infection  in  the  fleas  could  not  have  been  less  than  a  few 
hours  at  the  beginning  nor  more  than  six  days  at  the  end.  Result 
negative. 

(The  next  rat  put  in  became  infected,  apparently  about  3  :  xii ;  infec- 
tion of  the  fleas  then  six  to  nine  days  old.) 

(4)  Experiment  23. — A  cage  colonised  with  162  fleas  exposed  to 
infection  from  7  :  xii  :  '09  to  8  :  xii  :  '09. 

Rat  125  put  in  from  8  :  xii  to  11  :  xii.  i.e.  during  a  period  in  which 
the  age  of  the  infection  in  the  fleas  could  not  have  been  less  than  a  few 
hours  at  the  beginning  nor  more  than  four  days  at  the  end.  Result 
negative. 

Rat  133  put  in  from  11  :  xii  to  13  :  xii.  i.e.  during  a  period  in  which 
the  age  of  the  infection  in  the  fleas  could  not  have  been  less  than  four 
days  at  the  beginning  nor  more  than  six  days  at  the  end.  Result  nega- 
tive. 

(The  next  rat  put  in  became  infected,  apparently  about  15  :  xii ;  infec- 
tion of  the  fleas  then  seven  to  eight  days  old.) 

(5)  Experiment  24. — A  cage  colonised  with  fifty  fleas  exposed  to 
infection  from  7  :  xii  :  '09  to  8  :  xii  :  "09. 

Rat  126  put  in  from  8 :  xii  to  xi  :  xii,  i.e.  during  a  period  in  which 
the  age  of  the  infection  in  the  fleas  could  not  have  been  less  tlian  a  few 
hours  at  the  beginning  nor  more  than  four  days  at  the  end.  Result 
negative. 

(The  next  rat  put  in  became  infected,  apparently  about  3  :  i  :  '10;  age 
of  the  infection  of  the  fleas  then  between  twenty-six  and  twenty-seven 
days.) 

(6)  Experiment  25. — A  cage  colonised  with  seventy  fleas  exposed 
to  infection  from  31  :  xii  :  '09  to  3  :  i  :  "10. 

Rat  152  put  in  from  3  :  i  to  6  :  i,  i.  e.  during  a  period  in  which  the 
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age  of  tlie  infection  in  the  fleas  was  not  less  than  a  few  hours  at  the 
beginning  nor  more  than  six  days  at  the  end.     Result  negative. 

(The  next  rat  jDut  in  V>eeame  infected,  apparently  about  6  or  7  :  i ;  the 
age  of  the  infection  at  7  :  i  was  from  four  to  seven  days.) 

(7)  Experiment  45.  Batch  C  (see  below). — Bell-jar  colonised 
with  thirty  fleas  exposed  to  infection  from  22  :  vii  :  '13  to  23  :  vii  :  '13. 

Xo  infection  produced  in  i-at  370  put  in  for  a  period  of  two  days, 
diaring  which  the  infection  in  the  fleas  could  not  have  been  less  than 
five  days  old  at  the  beginning  nor  more  than  seven  days  old  at  the  end. 

No  infection  produced  in  rat  370a.  put  in  for  a  j)eriod  of  one  day, 
diiring  which  the  infection  in  the  fleas  could  not  have  been  less  than 
eight  days  old  at  the  beginning  nor  more  than  ten  days  old  at  the  end. 

(The  next  rat  put  in  became  infected.) 

In  the  previous  section  it  has  also  been  pointed  out  that  in  Experi- 
ment 28,  rat  2U9  escaped  infection  when  exposed  to  infection  by  138  fleas 
during  a  period  of  one  day,  at  the  beginning  of  which  the  age  of  infec- 
tion in  the  fleas  could  not  have  been  less  than  a  few  hours  nor  more  than 
five  days  at  the  end.  Rat  215  became  infected  by  the  fleas  a  day  later, 
when  the  age  of  the  infection  in  the  fleas  could  not  have  been  less  than 
two  or  more  than  six  days. 

Putting  togetbei'  the  result.?  of  this  and  the  last  section,  it 
is  seen  that  fleas  in  which  there  is  a  possibility,  from  the  data 
of  the  experiment,  of  the  infection  being  more  than  five  days 
old,  may  fail  to  produce  infection,  although  the  subsequent 
history  of  those  fleas  sIioavs  them  to  have  been  infected 
effectively,  but  no  infectious  have  been  obtained  in  any 
experiment  of  which  the  data  are  incompatible  with  the  infec- 
tion being  at  lea.st  six  days  old  in  the  fleas  that  produced  the 
iDfection. 

(vi)  The  Infection  of  the  Rat  is  brought  about  by 
the  Small  Trypanosome-form  which  is  the  Final 
Form  of  the  Development. 

This  point  is  scarcely  capable  of  direct  proof,  since  it  is 
impossible  to  be  absolutely  certain  that  when  an  infection 
has  been  produced  no  other  forms  of  the  developmental  cycle 
in  the  flea  were  introduced  into  the  rat  except  the  trypano- 
some-forms.  It  can,  however,  be  demonstrated  in  experi- 
ments planned  for  that  purpose,  that  the  trypanosome-forms 
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are  present  when  an  infection  is  produced.  Noller  (1912) 
and  Wenyon  (1913),  have  shown  that  the  trypanosome-forms 
were  present  in  all  cases  in  the  f»ces  with  which  they  infected 
rats  per  os. 

The  following  experimental  results  indicate  that  the  try- 
panosome-form  is  the  effective  agent  in  infection.  In  Experi- 
ment 35  B  twelve  fleas  wei'e  taken  at  hazard  from  the  infected 
breeding-cage  and  put  on  clean  rat  243  for  five  days  (23  :  ii : 
'11  to  28  :  ii  :  '11 ;  Rat  243  was  found  to  be  infected  on  3  : 
iii  :  '11).  Ten  of  the  fleas  recovered  were  then  dissected  (the 
other  two  lost) ;  of  each  flea  the  stomach  was  placed  on  one 
slide  in  a  drop  of  salt-citrate  solution,  the  rectum  on  another 
slide  in  another  drop.  Each  stomach  and  each  rectum  were 
then  teased  up  and  examined  microscopically  in  order  to  see 
if  trypanosomes  were  present  in  any  form ;  but  since  this 
examination  had  to  be  performed  very  rapidly  and  cursorily 
and  without  putting  a  coverslip  over  the  drop,  trypanosomes 
may  have  been  often  overlooked,  when  they  were  not  present 
in  abundance.  Whether  trypanosomes  could  be  seen  in  the 
fresh  specimen  or  not,  each  teased-up  stomach  was  inoculated 
by  means  of  a  syringe  into  a  separate  clean  rat ;  the  rectum 
was  only  inoculated  if  trypanosomes  were  seen  in  it.^  After 
the  drop  containing  the  teased-up  stomach  or  rectum  had 
been  drawn  up  into  the  injecting  syringe  the  film  of  moisture 
left  on  the  slide  was  fixed  with  osmic  vapour,  stained  with 
Giemsa's  stain,  and  carefully  searched  for  trypanosomes.  The 
following  are  the  results  obtained  with  each  flea. 

Flea  (1). — Nothing  seen  in  the  fresh  stomach  or  rectum.  Stomach 
inoculated  into  Rat  279.  No  infection  produced.  Nothing  found  in 
the  preserved  film. 

Flea  (2). — As  last,  stomach  inoculated  in  rat  280,  no  infection, 
nothing  found  in  the  films. 

'  The  reason  for  the  differential  treatment  of  the  stomach  and  rectum 
■was  because  we  believed,  at  the  time,  that  infection  was  brought  about 
by  regiu-gitation  of  infective  trypanosomes  through  the  pi'oboscis  from 
the  stomach,  and  also  because  the  presence  of  trypanosomes  in  the 
rectum  is  not  so  easily  overlooked  as  in  the  stomach. 
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Flea  (3). — As  last,  stomacli  inoculated  into  rat  281,  no  infection, 
nothinf^  found  in  the  films. 

Flea  (4). — One  sluggish  stumpy  form,  which  may  have  been  crithi- 
dial  or  trypaniform.  was  seen  in  the  fresh  teased-up  stomach ;  nothing 
seen  in  the  fresh  rectum.  Stomach  inoculated  into  rat  283,  result 
negative.     Nothing  found  in  the  presei-ved  film  of  the  stomach. 

Flea  (5). — Nothing  seen  in  the  fresh  stomach,  numerous  trypano- 
somes  seen  in  the  rectum.  Stomach  inoculated  into  rat  285.  result 
positive.  Rectum  inoculated  into  rat  248,  result  negative.  One  try- 
panosome-form  and  one  transitional  foi-m  found  in  the  preserved  film  of 
the  stomach  (Text-fig.  16,  b  and  c).  Nothing  found  in  the  preserved 
film  of  the  rectum. 

Flea  (6). — Nothing  seen  in  the  fresh  stomach  ;  a  few  forms,  some 

Text-fig.  16. 


Small  tiypanosome-forms  from  the  stomach-films  of  fleas  5  and  7 
in  Experiment  35  B,  and  flea  5  in  Experiment  27  (see  text). 
(X  2U00.) 

stout  and  of  crithidial  appearance  and  some  slender,  apparently  try- 
paniform, seen  in  the  rectum.  Stomach  inoculated  into  i-at  286,  result, 
negative ;  rectum  not  inoculated.     No  films  preserved. 

riea  (7).— Nothing  seen  in  the  fresh  stomach  or  rectum.  Stomach 
inoculated  into  lut  288,  result  positive.  One  trypanosome  (Text-fig. 
16,  a)  found  in  the  preserved  film  of  the  st(jmach. 

Fleas  (8),  (9),  (10).— In  each  case  nothing  was  seen  in  the  fresh 
stomach  or  rectum.  The  stomachs  were  inoculated  into  rats  289.  262, 
263  respectively,  results  in  each  case  negative.  Nothing  found  in  the 
preserved  films. 

Summary. — In  the  case  of  two  fleas  out  of  the  ten  used, 
the  stomachs,  when  inoculated  into  clean  rats,  produced  an 
infection.  The  final  trypanosorae-stage  was  found  in  both 
the  stomachs  that  produced  infections,  but  in  none  of  the 
remaining  eight  stomachs  that  produced  no  infection. 

Experiments  27,  29  and  32  were  conducted  in  a  different 
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manuer.  Fleas  taken  from  the  infected  breeding-cage  were 
put  each  on  a  separate  rat  and  left  on  it  for  three  or  four 
days.  The  flea  was  then  recovered  (if  it  could  be  found) ^ 
dissected  and  examined. 

Experiment  27. — Flea  (5),  placed  on  rat  207  for  three  days 
(2  :  viii  :  '10  to  5  viii  :  '10)  prodiiced  infection  (see  Table  E).  The  flea 
dissected  (5  :  viii),  and  one  large  transitional  form  found  in  the  slide  of 
the  stomach  (Fig.  16,  d). 

Text-fig.  17. 


m. 


Various  forms  (haptomonad,  a-d.  nectomonad,  e-7i,  transitional, 
2'-?,  and  tvjpaniform.  7n  and  n),  from  the  stomach-film  of  flea 
3,  Experiment  29  (see  text),  (x  2000.) 

Experiment  29. — Flea  (3)  placed  on  rat  212  for  three  days, 
{19  :  ix  :  '10  to  22  :  ix  :  '10),  recovered  and  dissected  22  :  ix  '10  (see  Table 
E).  Large  clumps  of  attached  forms  were  seen  in  the  stomach  and  also 
free  forms ;  nothing  was  seen  in  the  intestine,  rectum,  salivary  glands 
or  proboscis.  The  preparations  of  the  stomach  showed  crithidial, 
transitional  and  trypaniform  types  in  abundance  (Text-fig.  17).  Rat 
212  became  infected  and  first  showed  trypanosomes  in  the  blood  on 
28  :  ix.  Four  other  fleas  in  the  same  experiment  failed  to  infect  their 
rats ;    in  two  of  these  fleas  nothing  was  found,  in  the  third  a  small 
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Text-fig.  18. 


Various  forms  (taptomonad,  a.  b,  nectotnonad.  c.  d.  transitional, 
e-h.  and  trypaniform,  i-m),  from  the  stomach-film  of  flea  3, 
Experiment  32  (g)  (see  text).     ( x  2000.) 


Text-fig  19. 


Various  forms  (haptomonads,  a-d,  nectomonad.  e.  transitional, 
f-i,  and  trypaniform,  j-m)  from  the  rectum-film  of  flea  3, 
"Experiment  32  (h)  (see  text).  ( x  2000.) 
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attached  clump  was  seen  in  the  intestine,  nothing  in  any  other  part  of 
the  flea.     The  remaining  flea  was  not  recovered. 

Experiment  32  (g). — Flea  (3)  placed  on  rat  241  for  four  days  (3  :  xi  : 
'10  to  7  :  xi  :  '10)  produced  no  infection.  In  the  stomach  of  the  flea, 
dissected  8  :  xi,  crithidial,  transitional  and  trypaniform  types  were 
found  (Fig.  18). 

E  xp  e  r  i  me  n  t  32  (h). — Flea  (3)  placed  on  rat  244  for  four  days  (11 :  xi :  '10 
to  15  :  xi  '10)  produced  an  infection  (see  Table  E).  The  flea  was 
dissected  15  :  xi ;  nothing  was  found  in  the  stomach,  intestine  or  salivary 
glands  ;  the  rectum  showed  a  typical  swarming  "  pile-cai-pet  "  infection 
with  all  the  usual  types  of  form  (Text-fig.  19). 

Text-fig.  20. 


Flea 3. Experiment  32 (i).  a.  haptomonad.  and 6, trypanosome-form 
from  the  rectum-film;  cand  cl,  haptomonads,  e-g,  nectomonads, 
from  the  film  of  the  intestine  (see  text),     (x  2000.) 

Experiment  32  (i). — Flea  (3),  placed  on  rat  247  for  three  days 
(12  :  xi  :  "10  to  15  :  xi  :  "10),  produced  no  infection.  The  flea,  dissected 
and  examined  (16  :  xi),  showed  no  trypanosomes  in  the  stomach,  but 
in  the  intestine  were  clumps  attached  behind  the  pylorus  (Text-fig.  20,  c), 
and  the  rectum  contained  a  teeming  infection  (Text-fig.  20,  a  and  b)  of 
the  usual  types. 

The  cases  cited  show  that  when  infections  were  produced 
the  fiual  trypanosome-form  w;is  found  either  in  the  stomach 
or  rectum  ;  but  it  should  also  be  mentioned  that  we  have 
three  instances  in  which  the  rat  became  infected  under  similar 
circumstances  without  our  having  been  able  to  discover  an 
infection  of  the  flea^  which  must  have  been  so  scanty  as  to 
escape  detection  in  our  films.  On  the  other  hand  the  experi- 
ments also  show  that  the  infective  form  may  be  present  in  the 
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flea  without  any  infection  resulting  when  tlie  flea  is  on  the  rat 
for  not  more  than  four  days.  The  failure  of  the  flea  to  infect 
in  such  cases  must  be  correlated  with  the  casual  nature  of  the 
contaminative  method  of  infection  by  the  fleas,  evidentl}''  not 
so  sure  a  method  as  that  of  inoculation.  It  will  be  shown 
further  (Experiment  39,  below)  that  the  period  at  which  the 
flea  becomes  infective  coincides  with  the  first  appearance  of 
the  small  trypanosomes  in  the  rectum. 

(vii)  The  Final  Infective  Form  of  the  Cycle  is  deve- 
loped first  in  the  Rectum  on  the  Fifth  Day  of 
the  Developmental  Cycle,  but  may  appear  later 
in  the  Stomach. 

In  order  to  ascertain  how  soon  the  trypanosomes,  ingested 
by  the  flea,  attain  to  maturity  in  the  different  parts  of  the 
digestive  tract  of  the  flea  an  experiment  (Experiment  39)  was 
carried  out  in  the  following  manner.  A  number  of  fleas 
(about  one  hundred)  Avere  collected  from  the  non-infected 
breeding-cage,  put  into  test-tubes,  with  clean  sand,  slightly 
damp,  and  kept  there  for  four  days  (20  :iv:  '11  to  24  :  iv  :  '11), 
in  order  that  they  should  be  properly  hungry  and  ready  to 
feed.  The  fleas  were  then  (24  :  iv)  put  into  a  special  flea- 
proof  tin  cage  with  a  well-infected  rat  (No.  259).^ 

At  regular  intervals  batches,  each  of  ten  fleas,  were 
recovered  from  rat  259,  kept  in  the  test-tul^es  on  sand,  and 
dissected  on  the  following  day  (to  ensure  that  the  fleas  had 
not  ingested  blood  containing  trypanosomes  for  at  least  a  day 
previous  to  being  dissected).  In  the  dissection  of  the  fleas, 
the  flea  was  first  placed  on  a  slide  in  a  drop  of  salt- 
citrate  solution  and  the  proboscis  removed  by  cutting  through 
the  head  in  the  region  of  the  eyes;  the  proboscis  was  then 
placed  in  a  separate  capsule  in  a  small  quantity  of  salt- 
citrate  solution,     Yery  often  faeces  were  extruded  when  the 

'  Rat  2?9  was  put  in  with  a  single  flea  on  22  :  iii  :  "11  ;  trypanosomes 
were  first  seen  in  the  blood  on  30  :  iii ;  ninltiplication  was  ended  on 
4  :  iv  ;  see  Table  E.  p.  617  above. 
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head  was  cut  through.  When  this  occurred  the  carcase  of 
the  flea  was  at  once  removed  to  another  slide,  and  the 
extruded  fasces  examined  microscopically.  If  tr^^Danosomes 
were  found  in  sufficient  abundance  the  slide  and  coverslip 
were  fixed  and  stained.  The  carcase  of  the  flea  was  then 
opened  in  the  hinder  end  of  the  abdomen,  and  the  junction 
of  stomach  and  intestine  cnt  through  behind  the  Malpighian 
tubes,  after  which  the  portion  of  the  carcase  containing  the 
stomach  was  transferred  to  another  slide.  Then  the  stomach 
and  Malpighian  tubules,  together  with  the  proventriculus  and 
oesophagus,  were  removed  together  and  transferred  to  a 
second  capsule,  and  the  proctodtenm  (intestine  with  rectum) 
to  a  third.  In  making  these  dissections  some  of  the  con- 
tents of  the  stomach  or  rectum  escaped  on  to  the  slide  (the 
organs  being  purposely  punctured  to  allow  some  contents 
to  escape,  when  necessai-y).  The  escaped  contents  were 
examined  microscopically,  and  if  trypauosomes  were  found  in 
them  in  sufficient  numbers  they  were  preserved. 

After  all  the  10  fleas  of  each  batch  had  been  dissected  in 
this  Avay  the  10  proboscides  were  inoculated  into  one  clean 
rat,  the  10  stomachs  into  another,  and  the  10  recta  into  a 
third.  In  each  case  the  whole  of  the  salt-solution  in  the 
capsule  was  injected  also.  The  stomachs  and  recta  were 
teased  up  as  fine  as  possible,  and  the  proboscides  crushed  up, 
before  injecting  them. 

The  following  are  the  actual  injections  performed ;  in  the  results 
stated,  0  signifies  that  the  rat  inoculated  acquired  no  infection,  + 
that  it  became  infected. 

26  :  iv  :  '11. — The  10  fleas  recovered  on  the  i^revions  day  were  dis- 
sected ;  trypauosomes  were  seen  in  the  stomach,  rectum,  and  extruded 
faices  of  several  fleas.  All  trypauosomes  seen  api)eared  to  be  of  quite 
ordinary  type : 

10  proboscides  injected  into  rat  289  :  result  0 
10  stomachs  „  „        „     299:       .,       0 

10  recta  „  „        „     300 :       .,       0 

27  :  iv  :  '11. — The  10  fleas  recovered  on  the  previous  day  were  dis- 
sected ;  ti-ypanosomes  were  seen  in  the  stomach  of  one,  the  stomach  and 
extruded  faeces  of  another,  in  the  stomach  and  rectum  of  a  third,  and  in 
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the  rectum  and  extruded  faeces,  very  abundantly,  of  a  fourth  ;  the 
rectal  forms  appeared  pear-shaped  or  club-shaped  in  the  living  state 
(Text-fig.  21),  but  no  post-crithidial  trypanosome-forms  were  present : 


Text-fig.  21. 


Various  forms  from  the  rectum  and  fasces  of  a  flea  of  the  batch 
of  27  :  iv  :  '11.  Note  that  no  final  trypanosome-forms  are 
present  (see  text).     (X  2OU0.) 

10  proboscides  injected  into  rat  301 :  result  0 
10  stomachs  „  „       „     302 :       „       0 

10  recta  „  „       „     303 :       „       0 

28  :  iv  :  '11.— The  10  fleas  recovered  on  the  previous  day  were  dis- 
sected ;  trypanosomes  were  seen  in  the  stomachs  of  three,  and  in  the 
stomachs  and  extruded  fsces  of  two  others.     The  faeces  were  presei-ved 
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in  one  case  where  they  were  seen,  bnt  no  trypauosomes  were   found  in 
the  preparations : 

10  proboscides  injected  into  rat  304 :  result  0 
10  stomachs  ,,  „       ,,     305 :       ,,       0 

10  recta  ,,  „       „     306 :       „       0 

29:iv:'ll. — The  10  iieas  recovered  on  the  previous  day  were  dis- 
sected; trypanosomes  were  seen  in  the  extruded  faeces  of  one,  in  the 
rectum  and  fseces  of  another  (aljundantly)  and  the  rectum  of  a  third 
(al)uudantly) ;  of  the  last  two,  preparations  were  made  of  the  rectal  con- 
tents, and  there  were  found  i^ear-shaped  erithidial,  transitional,  and 
post-crithidiai  trypaniform   individuals  (Text-fig.  22). 

Text-fig.  22. 


Various  forms  from  the  rectum  and  faeces  of  two  fleas  of  the 
batch  of  29 :  iv  :  '11.  Experiment  39  (see  text) .  Note  the  trypano- 
some-forms  (last  4  figs,  to  the  right,  second  row),     (x  2000.) 


]  0  proboscides  injected  into  rat  307 
10  stomachs  „  ,,       ,,   308 

10  recta  „  „        „   309 

'11. — The   fleas   recovered     29  :  iv   were 


result  0 

„      0 

„     + 

dissected ; 


in    one    of 


them,  a  male,  minute  erithidial  individuals  were  seen  in  the  stomach 

contents,  but  not  in  the  rectal  contents  ;  no  preparation  was  made. 
10  proboscides  injected  into  rat  310  :  result  0 
10  stomachs  .,  „        „    311        „       0 

10  recta  „  .,        ..   312:      „      + 

4  :  V  :  '11.— The  10  fleas  recovered  on  the  previous  day  were  dissected, 

trypanosomes  were  seen  in  the  rectum  of  one,  in  the  extruded  faeces  of 

another ;  no  preparation  made. 

10  proboscides  injected  into  rat  313  :  result  0 
10  stomachs  „  ,,        „   314 :      ,,     + 

10  recta  „  „        „   315:      „      0 
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Summary  of  Experiment  39. — None  of  the  rats  inocu- 
lated with  organs  of  the  fleas  which  had  been  exposed  to 
infection  two,  three,  or  four  days  previously  became  infected. 
Ou  the  fiftli  and  seventh  days  inoculation  of  the  recta  pro- 
duced infections,  while  the  inoculations  of  the  stomachs  were 
negative.  On  the  tenth  day,  on  the  other  band,  inoculation 
of  the  stomachs  gave  a  positive,  that  of  the  recta  a  negative 
result.  It  is  seen,  therefore,  (1)  that  the  fleas  first  became 
infective  on  the  fifth  day,  when  also  the  post-crithidial  try- 
panosomes  were  first  found  in  preparations  of  the  rectum  ; 
(2)  that  the  developmental  forms  which  produce  infection 
were  present  in  the  rectum,  but  not  in  the  stomach,  on  the 
fifth  and  seventh  days;  tind  in  the  stomach,  but  not  in  the 
rectum,  on  the  tenth  day. 

(viii)  The  Developmental  Forms  of  the  Trypano- 
somes  in  the  Flea  are  not  infective  when 
inoculated  into  the  Rat  during  a  period  ex- 
tending from  a  short  time  (half  an  hour?) 
after  being  taken  up  by  the  Flea  until  the 
Developmental  Cycle  is  complete. 

After  we  had  shown,  in  Experiment  39  (see  above),  that 
the  trypanosomes  in  the  flea  are  not  infective  to  the  rat  after 
they  have  been  in  the  flea  for  two  days,  and  that  they  do 
not  acquire  infectivity  for  five  days  after  being  ingested, 
Ave  instituted  a  number  of  experiments  with  a  view  of  dis- 
covering how  soon  the  ingested  trypanosomes  lose  their  power 
of  infecting. 

In  our  first  experiment  a  number  of  fleas  collected  from  our 
non-infected  breeding-cage  and  kept  hungry  for  three  days 
(7  :  xi  :  ^11  to  10  :  xi  :  '11),  were  put  on  a  well-infected  I'at  at 
6  a.m.  (10:xi:'ll)  and  collected  two  hours  later.  They 
were  then  dissected  in  batches,  the  stomachs  of  each  batch 
being  placed  together  on  the  same  slide,  teased  up  in  a  drop 
of  salt-solution,  drawn  up  into  an  injection-syringe  and  inocu- 
lated into  a  clean  rat.     After  the  drop  had  been  drawn  up 
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into  the  syringe  thefilLa  of  moisture  left  on  the  slide  was  fixed 
witli  osmic  vapour  and  stained  with  Giemsa's  stain,  in  order 
to  get  an  idea  of  the  modification^  if  any,  which  the  trypano- 
somes  had  undergone. 

The  following  were  the  batches  dissected  and  injected : 

Text-fig.  23. 


Trypanosomes  from  the  stomachs   of  fleas   of  the   l^atches    of 
10:xi:'ll  (see  text). 

(1)  Four  fleas,  injected  into  rat  323  at  11.35  a.m.  The  presei-ved  film 
showed  trypanosomes  of  the  ordinary  blood-type. 

(2)  Fonr  fleas,  injected  into  rat  32-iat  12.35  p.m.  The  preseiwed  film 
showed  trypanosomes  of  the  ordinary  blood-type  (Text-fig.  23,  a,  b). 

(3)  Four  fleas,  injected  into  rat  325  at  1.30  p.m.  The  preserved  film 
showed  tryjjanosomes  for  the  most  part  unmodified,  with  h  ajsj^roxi- 
mated  to  N,  others  dwarfed  slightly  as  if  beginning  to  degenerate 
(Text-fig.  23,  c,  cl). 

(4)  Four  fleas,  injected  at  2.35  p.m.  into  rat  326.  The  preserved  film 
showed  trypanosomes  of  the  ordinary  blood-type  (Text-fig.  23,  e,f). 

(5)  Four  fleas,  injected  at  3.30  p.m.  into  rat  327.     The  pi-eserved  film 
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showed  tiypanosomes  mostly  modified,  some   rather  lengthened  out, 
others  recui-ved  (Text-fig.  23,  g,  h,  i). 

(6)  Three  fleas,  injected  at  4.35  p.m.  into  rat  327.  The  presei-ved  film 
showed  trjpanosomes  mostly  unmodified,  some  rather  long  (Text-fig.  23, 

All  the  results  were  negative,  since  none  of  the  rats 
became  infected.  It  is  seen  from  the  times  of  feeding  and 
injecting  the  fleas  that  none  of  the  trypanosomes  had  been 
in  the  fleas  more  than  ten  and  half  hours  (6  a.m.  to  4.35  p.m.), 
or  less  than  three  and  half  hours  (8  a.m.  to  11.30  a.m.). 

After  obtaining  this  result  we  made  a  number  of  other  ex- 
periments, modifying  slightly  our  method  of  procedure.  Fleas 
taken  from  the  non-infected  bi'eeding-cage  were  fed  under 
observation  on  a  well-infected  rat  and  the  time  of  feeding 
noted.  The  flea  was  recovered,  dissected,  and  its  stomach 
injected  into  a  clean  rat  after  being  teased  up  in  a  drop  of 
salt-citrate  solution.  As  before,  the  film  of  moisture  left  on 
the  slide  was  preserved  in  some  cases. 

In  some  cases  also  some  blood  from  the  infected  rat  Avas 
inoculated  subcutaneously  into  a  control  clean  rat.  The 
■controls  were  not  always  positive,  however,  since  the  sub- 
cutaneous method  of  injection  is  notoriously  less  efficient 
tlian  the  intra-peritoneal  method,  when  a  small  quantity  of 
blood  is  taken  direct  from  the  rat. 

27  :  xi  :  "11. — Fleas  fed  under  observation  on  an  infected  rat  after 
having  been  kept  hungry  for  three  days. 

Fleas  (1)  and  (2)  fed  at  11.35,  injected  into  rat  329  at  12.10  (35 
minutes).     The  preserved  film  showed  trypanosomes  quite  unmodified. 

Flea  (3)  fed  at  11.45.  injected  into  rat  329  at  12.20  (35  minutes).  The 
preserved  film  showed  trypanosomes  quite  unmodified. 

Flea  (4)  fed  at  11.30,  injected  into  rat  330  at  12.30  (1  hour).  Try- 
panosomes in  preserved  film  quite  unmodified. 

Flea  (5)  fed  at  11.50,  injected  into  rat  330  at  12.50  (1  hour).  Try- 
panosome.s  seen  in  the  fresh  stomach,  but  film  not  preserved. 

Flea  (6)  fed  at  11.50.  injected  into  rat  330  at  12.50  (1  hour).  Film 
badly  preserved. 

Flea  (7)  fed  at  10.45.  injected  into  rat  .331  at  12.45  (2  hours).  Try- 
panosomes in  preserved  film  quite  unmodified. 
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Sura  mary. 

Rat  329  was  iojected  Avitli  3  fleas  35  minutes  after  feeding. 
„    330  „         „         3     „     1  hour  „  „ 

,,     331  „  ,,  1  flea  2  hours  after  feeding. 

The  results  in  all  three  cases  were  negative.  No  conti'ol 
rat  was  injected. 

8 :  xii :  '11. — Fleas  fed  imder  observation  on  an  infected  rat  (322). 

Fleas  (1)  and  (2)  fed  at  11.40.  injected  into  clean  rat  324  at  12.26 
(36  miniites).     Active  trypanosomes  seen  in  the  fresli  stomachs. 

Fleas  (3)  and  (4)  fed  at  11-53,  injected  into  rat  324  at  12.37  (44 
minutes).     Trypanosomes  seen  in  the  fresh  stomachs. 

Fleas  (5),  (6),  and  (7)  fed  at  12.4,  injected  into  rat  324  at  12.42 
(38  minutes).     Trypanosomes  seen  in  the  fresh  stomachs. 

Fleas  (8),  (9),  and  (10)  fed  at  12.10,  injected  into  rat  324  at  12.47 
(37  minutes).     Trypanosomes  seen  in  the  fresh  stomachs. 

Flea  (11)  fed  at  12.20.  injected  into  rat  324  at  12.55  (35  minutes). 

Summary. — Rat  324  inoculated  with  the  stomachs  of 
eleven  fleas  fed  on  rat  322  between  35  and  44  minutes  pre- 
viously.    Result  negative. 

Control  rat  323  inoculated  at  the  same  tune  with  a  small 
drop  of  citrated  blood  from  rat  322.  Result  positive  (found 
to  be  infected  on  15  :  xii). 

24 :  i :  "11. — Eight  fleas,  kept  hungry  for  three  days  previously,  were 
fed  under  observation  on  an  infected  rat  (No.  392) ;  the  stomachs  of  six 
inoculated  into  clean  rat  411. 

Flea  (1)  fed  10  a.m,  injected  11  a.m.  l\  hour). 

Flea  (2)     „  10.10  a.m.,  injected  11.10  a.m.  (1  hour). 

Flea  (3)     ,,10.15     „  ,.       11.14     „     (59  minutes). 

Flea  (4)     „  10.20     „  ..        11.20     ,.     (1  hour). 

Flea  (5)     „  10.25     „  „       11.25     „ 

Flea  (6)     „  10.29     „  „       11.29     „ 

Fleas  (7)  and  (8),  fed  10.33  a.m.  and  10.38  a.m.  respectively,  were 
dissected  and  fixed  prei^arations  made  of  them ;  numerous  trypano- 
somes, quite  unmodified  in  appearance,  were  found  in  them. 

Summary. — Rat  411  inoculated  with  the  stomachs  of  six 
fleas,  each  of  which  had  fed  on  infected  rat  392  an  hour 
previously.     Result  negative. 


638  E.    A.    MINCHIN   AND   J.    D.    THOMSON. 

Control  rat  412  inoculated  with  a  small  drop  of  citrated 
blood  from  rat  392  at  12  noon.  Result  negative.  (N.B. — 
Rat  412  put  into  the  infected  breeding-cage  on  15  :  ii :  ^13 
contracted  an  infection  in  due  course  and  was  therefore  not 
naturally  immune.) 

11:  ii :  "13.— Seven  fleas  fed  on  infected  rat  402  under  observation. 
The  stomachs  inoculated  into  clean  rat  414. 

Flea  (1)  fed  10.  9  a.m.,  injected  11.  7  a.m. 
Flea  (2)     „  10.12     „  „        11.12 

Flea  (3)     „  10.17     „  .,        11.17 

Flea  (4)     „  10.25     ,.  „        11.25 

Flea  (5)     „  10.28     „  „        11.28 

Flea  (6)     „  10.37     .,  .,        11.38 

Flea  (7)     .,  10.58     „  „        11.58 

(In  all  cases  the  time  of  feeding  was  reckoned  from  the  moment  the 
flea  withdrew  its  proboscis.) 

Some  of  the  blood  was  allowed  to  escape  from  the  stomach  of  flea  (7) 
and  permanent  preparations  made;  numerous  trypanosomes  quite 
unmodified  in  appearance  were  found. 

Summary. — Rat  414  acquired  no  infection;  control  rat 
415,  inoculated  with  one  drop  of  blood  from  rat  402,  became 
infected  (trypanosomes  first  seen,  21  :  ii  :  '13). 

25  :  ii  :  13.— One  flea  was  fed  under  observation  at  10.45  a.m.  on 
infected  rat  415  ;  the  stomach  was  inoculated  into  clean  rat  419  at  11.45. 
Results  negative.     (The  other  fleas  refused  to  feed.) 

27  :ii: '13.— Eight  fleas  fed  under  observation  on  infected  rat  415; 
the  stomachs  inoculated  into  clean  rat  419,  in  each  case  59  minutes  or  an 
hour  after  feeding.     Result  negative. 

Control  rat  414  inoculated  with  a  drop  of  blood  from  rat  415.  Result 
negative  (rat  414  was  later  infected  by  being  put  into  the  infected 
breeding-cage.) 

It  will  be  seen  from  the  foregoing  accounts  that  all  experi- 
ments, in  which  infected  blood  ingested  by  a  flea  was  inocu- 
lated into  a  clean  rat  from  about  half  an  hour  onwards  after 
ingestion  by  the  flea,  gave  uniformly  negative  results.  The 
controls  were  sometimes  negative,  sometimes  positive. 
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(ix)  Tlie  Flea,   when  once  it    has  become    infective, 

remains  so   for  a  considerable  Length  of  Time. 

This  point  was  dealt  with  in  our  preliminary  account  (1910), 
when  it  was  shown  in  two  experiments  ("  C  "  and  "  D  ")  that 
cages  of  fleas  when  once  rendered  infective  continued  to  pro- 
duce infections  for  some  time  without  being  re-infected. 
Experiment  22  ("  C  ")  was  continued  for  some  time  after  the 
publication  of  our  paper,  but  on  28  :  i :  '10  an  infected  rat 
was  unfortunately  introduced  into  the  cage,  an  oversight 
which  vitiated  all  subsequent  results,  and  the  experiment  was 
discontinued.  During  the  period  prior  to  this  accident,  how- 
ever, the  experiment  was  not  open  to  objection,  and  produced 
a  result  which  may  be  summarised  as  follows.  A  cage 
colonised  with  160  clean  fleas,  into  which  an  infected  rat  was 
introduced  for  three  days  (24  to  27  :  xi  :  ^09),  and  which 
produced  the  first  infection  between  30  :  xi :  '09  and  3  :  xii :  '09, 
continued  to  produce  infections  v/ithout  being  re-infected  up 
to  24  :  i  :  '10,  a  period  of  approximately  55  days.  It  is, 
therefore,  a  safe  conclusion  to  aflirm  that  the  infectivitv 
persisted  in  some  fleas,  or  at  least  one  flea,  for  that  perioil 
of  time. 

Later  a  more  exact  experiment  (Experiment  37)  was  carried 
out,  in  which  single  fleas  were  used.  To  begin  with,  10  fleas 
were  taken  from  the  infected  breeding-cage  and  put  each  on 
a  clean  rat  for  four  days;  at  the  end  of  that  time  the  10  fleas 
were  recovered  and  each  flea  put  by  itself  in  a  separate  test- 
tube  in  damp  sand  for  six  days.  Meanwhile  the  10  rats 
were  examined  daily,  and  in  due  course  two  of  them 
developed  infection,  the  remaining  eight  being  negative. 
The  eight  fleas  that  gave  negative  results  were  returned  to 
the  infected  breeding-cage. 

The  two  fleas  that  had  been  proved  experimentally  to  be 
infective — henceforth  known  as  Flea  "A"  and  FIea"B" — 
were  then  placed  singly  on  a  succession  of  clean  rats.  That 
is  to  say,  each  flea  was  placed  by  itself  on  a  clean  rat  for  so 
many  days,  then  was  recovered  and  placed  on  another  clean 
rat  for  so  many  days,  and  so  on.     The  experiments  with  each 
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flea  were  continued  until  the  flea  disappeared  :  that  is  to  say, 
until  the  flea  could  not  be  recovered  when  sought  for. 

The  details  and  results  of  Experiment  37  have  been  sum- 
marised in  tabular  form  in  our  preliminary  communication 
(1911),  but  since  we  have  frequently  had  occasion  to  refer 
to  the  experiment  in  the  present  memoir,  we  think  it  worth 
while  to  reproduce  the  table  already  published. 


Table  G. —  Summary  of  Experiment  3  7 
Flea  "A." 


Trypanosomes. 

No.  of 
rat. 

Flea  on  the  rat. 

Result. 

First  seen  in  blood. 

Multiplication  ended. 

265 

14-18  :ii:"ll 

+ 

24:ii:'ll 

27:ii:'ll 

249 

24:ii-l:iii:"ll 

0 

260 

l-6:iii:ll 

+ 

15:  iii: '11 

(Rat  died. 
16:  iii:  11) 

291 

6-13  :  iii  :  '11 

0 

293 

13-17  :  iii :  "11 

0 

295 

17-22:  iii:  "11 

+ 

27:  iii: '11 

31  :  iii  :  '11 

249 

23-27:  iii:  11 

0 

291 

27  :  iii-1  :  iT  :  '11 

+ 

5  :  iv  :  11 

9  :  iv  :  11 

293 

1-5  :  iv  :  '11 

0 

249 

5-10  :  iv  :  '11 

0 

262 

10-15  :  iv  :  '11 

0 

296 

15-20  :iv: '11 

+ 

22:iv:ll 

25:iv:ll 

263 

20-25  :  iv  :  '11 

+ 

l:v:'ll 

5:v:ll 

292 

25-29  :  iv :  '11 

+ 

l:v:'ll 

6:v:'ll 

293 

29  :  iv-4  :  V  :  '11 

0 

294 

4-9:  v: '11 

p 

(Rat  died,  9:iv:ll) 

249 

9-15  :  V :   11 

6 

(15  :  V  :  '11  flea  not 

recovei 
Flea 

•ed.) 
I  "B." 

272 

14-18  :ii:   11 

+ 

24:ii:ll 

28  :  ii  :  '11 

259 

24  :  ii-1  :  iii :  11 

0 

253 

1-6  :  iii  :  -11 

0 

292 

6-13  :  iii  :  '11 

0 

294 

13-17:  iii:  11 

0 

296 

17-22:  iii: '11 

0 

259 

23-27:  iii: '11 

+ 

30:  iii: '11 

4':iv:'ll 

253 

27:iii-l:iv:'ll 

+ 

5:iv:ll 

7  .  iv :  '11 

292 

1-5  :  iv  :  '11 

0 

294 

5-]0:iv:'ll 

0 

(10:iv:"ll  flea  not 

recove 

red.) 
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From  the  tabular  summary  it  is  seen  that  flea  "  A " 
remained  infective  from  about  15  :  ii :  '11  to  about  26  :  iv :  '11 
— that  is  to  say,  for  a  period  of  70  days — and  flea  "  B"  from 
about  16  :  ii  :  '11  to  about  27  :  iii  :  '11 — a  period  of  40  days. 
We  have  no  data  for  determining  the  maximum  period  of 
time  during  which  a  flea  can  remain  infective.  It  is,  perliaps, 
not  improbable  that  a  flea,  once  rendered  infective,  may 
remain  so  as  long  as  it  lives,  but  we  have  no  knowledge  with 
regard  to  the  average  longevity  of  the  flea.  Flea  '^  A  "  (?) 
lived  under  our  care  from  14  :  ii  :  '11  to  9  :  v  :  '11 — a  period 
of  84  da3-s;  but  we  have  no  clue  as  to  its  age  when  it  was 
first  taken  from  the  breedino--ca2fe. 

(x)  The  Trypanosome  does  not  penetrate  into  the 
Salivary  Glands  of  the  Flea,  but  is  confined, 
duriug  its  whole  Development,  to  the  Diges- 
tive Tract. 

To  prove  this  point  we  began  by  dissecting  out  salivary 
glands  of  fleas  taken  from  the  infected  breeding-cage  and 
examining  the  glands  both  in  the  fresh  condition,  by  teasing 
them  up  or  crushing  them  with  a  coverslip,  in  a  drop  of  salt- 
citrate  solution,  and  also  by  means  of  fixed  permanent  smears 
of  the  glands.  .  In  a  large  number  of  glands  examined  very 
carefully  in  this  way  many  yeast-like  organisms  and  other 
similar  bodies  were  found,  but  never  anything  that  appeared 
in  the  least  like  any  possible  stage  of  a  trypanosome. 
Examination  of  fluid  from  the  body-cavity  gave  negative 
results  also. 

Thinking  that  we  might  have  failed  in  these  examinations 
to  obtain  an  infective  flea,  we  took  fleas  from  the  infected 
breeding-cage,  put  them  singly  on  clean  rats  for  three  days 
or  so,  and  then  recovered  and  dissected  them.  The  organs  of 
the  fleas  were  examined  carefully  in  the  fi'esh  condition,  and 
in  some  cases  permanent  preparations  were  also  made  of 
them  and  laid  aside.  If  a  rat  became  infected  subsequently, 
and  so  proved  the  flea  put  on  it  to  have  been  infective, 
the  preparations  of  that  flea  were  searched   very  carefully. 
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In  this  way  we  were  able  to  examine  the  salivary  glands 
and  other  organs  of  fleas  which  had  been  proved  experi- 
mentally to  be  infective.  The  following  are  the  details  of  the 
experiments  and  observations;  the  sign  +  signifies  that 
trypauosomes  were  found  in  the  organs  mentioned,  while  0 
means  that  none  were  found  : 

(1)  Flea  ( $  )  put  on  rat  212  for  three  days  (19  :  ix  :  '10  to  22  :  ix  '10, 
Experiment  29).  Rat  212  found  to  be  infected  28  :  ix  ;  multiplication 
ended  30  :  ix.  Flea  dissected  22  :  ix ;  proboscis  0,  salivary  glands  0, 
stomach  +  (Fig.  17),  rectum  0.  intestines  0. 

(2)  Flea  {^)  put  on  rat  223  for  four  days  (lU  :  x  :  "10  to  U  :  x  :  "10, 
Experiment  32a).     Rat  223  found  to  be  infected  17  :  x  ;  multiplication 

Text-fig  24. 


crxnrr^^^ 


Yeast-like  bodies  of  various  kinds  from  the  salivary  glands  of  a 
flea.  They  are  shown  in  groups,  as  they  were  found  in  the 
preparation,     (x  200(».) 

ended  22  :  x.  Flea  dissected  and  examined  14  :  x :  no  trypanosomes  were 
seen  in  the  proboscis,  body-cavity,  stomach,  intestine,  rectum  or  salivary 
glands  :  but  unfortunately  no  permanent  preparations  were  made. 

(3)  Flea  (  ?  )  put  on  rat  233  for  five  days  (20  .-  x  :  '10  to  25  :  x  :  '10, 
Experiment  32e).  Rat  233  found  to  be  infected  28  :  x  ;  multiplication 
ended  31  :  x  ;  scanty  infection,  with  few  trypanosomes.  Flea  dissected 
and  examined  25  :  x  ;  no  trypanosomes  seen  in  proboscis,  body-cavity, 
stomach,  intestine,  rectum  or  salivary  glands  ;  permanent  preparations 
made  of  salivary  glands,  0.  (N.B. — Many  yeast-like  bodies  in  the 
salivary  glands,  see  Text-fig.  24.) 

(4)  Flea  (J)  put  on  rat  238  for  three  days  (1  :  xi  :  '10  to  4  :  xi :  "10. 
Experiment  32f).  Rat  238  found  to  be  infected  14  :  xi ;  multiplication 
ended  Itj  :  xi.  Flea  dissected  and  examined  4  :  xi ;  no  trypanosomes 
were  seen  in  the  proboscis,  stomach,  intestine,  rectum  or  salivary 
glands;  permanent  preparations  made  of  the  stomach  and  salivaiy 
glands,  both  0. 
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From  the  foregoing  experiments  it  is  seen  that  nothing 
which  could  be  recognised  as  a  trypanosome  was  found  in  the 
salivary  glands  of  four  fleas  known  to  have  been  infective. 
In  one  of  the  four  fleas  the  salivary  glands  were  examined 
only  in  the  fresh  condition,  but  in  the  other  three  fleas  the 
salivary  glands  were  examined  both  in  the  fresh  condition 
and  in  the  permanent  preparations. 

It  will  be  remarked,  however,  that  no  ti-ypanosomes  Avere 
found  in  any  part  of  the  digestive  tract,  when  examined  fresh, 
in  three  out  of  the  four  fleas,  although  there  can  scarcely  be 
any  doubt  that  trypanosonies  must  have  been  pi'esent.  As  a 
matter  of  fact,  a  scanty  infection  of  the  crithidial  or  final  ti\y- 
panosome-forras,  small  in  size  and  sluggish  in  movement,  is 
easily  overlooked  in  the  fresh  preparations  of  the  teased-up 
digestive  tract,  especially  in  an  organ  relatively  so  large  as 
the  stomach,  which  may  be  gorged  Avitli  blood-debris  greatly 
hindering  and  obscuring  the  examination.  It  has  been  our 
experience  not  infrequently  that  the  smaller  forms  of  the 
cycle  have  been  found  scantily  in  permanent  preparations  of 
stomachs  in  which  nothing  was  seen  in  the  fresh  examination. 
This  scarcely  applies,  however,  to  organs  so  minute  as  the 
salivary  glands,  the  contents  of  which  can  be  scanned  com- 
prehensively in  one  field  of  the  microscope.  We  have,  there- 
fore, cited  the  second  flea  in  spite  of  the  fact  that  no  per- 
manent preparations  of  the  salivary  glands  were  examined. 

After  having  made  the  negative  observations  recorded 
above,  the  idea  occurred  to  us  that  any  form  of  the  trypano- 
some found  in  the  salivary  glands  would  probably  be  a  final 
stage  of  the  cycle,  destined  to  be  inoculated  by  the  flea 
through  the  proboscis  into  the  rat;  and  that  consequently  the 
examination  of  fleas  which  had  produced  an  infection  recently 
would  be  inconclusive,  since  in  such  fleas  the  salivary  glands 
might  be  purged  of  their  infection,  temporarily  at  least. 

We  therefore  carried  out  some  experiments  in  which  the 
object  was  to  determine  which  organs  of  the  flea  contained 
the  infective  stages  of  the  trypanosome,  by  dissecting  fleas 
tciken   from  the   infected   breeding-cage   and  injecting  their 
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organs  separately  into  clean  rats.  Thus  a  batch  of  fleas,  at 
least  five  in  number,  was  taken  from  the  infected  breeding- 
cage,  and  all  the  fleas  in  the  batch  were  dissected  at  the  same 
sitting.  The  stomachs  of  all  the  fleas  were  put  together  in 
one  watch-glass  and  the  salivary  glands  in  another.  Each 
flea  has  four  sa!ivai-y  glands  (two  on  each  side  of  the  body), 
but  we  did  not  succeed  in  every  case  in  dissecting  out  all 
four  of  these  minute  organs;  sometimes  only  two  or  three 
were  obtained,  or  even  one  only  of  the  four  (on  foggy  morn- 
ings) ;  but  in  every  case  at  least  one  of  the  four  glands  was 
obtained.  In  the  case  of  the  recta  (cut  off  behind  the  pylorus 
and  therefore  including  the  greater  part  of  the  intestine 
as  well),  each  was  examined  microscopically  and  only  kept 
for  injection  if  seen  to  contain  trypanosomes. 

In  our  earlier  experiment  (Experiment  33)  only  the  salivary 
glands  were  used  for  injection,  with  the  following  results  : 


Table  H.— 

E  X  p  e  r  i  m  e  n  1 

33. 

Date. 

Xo.  of  fleas 
dissected. 

No.  of  salivary 
glands  injected. 

Rat. 

Result. 

17   :   xi  : 

5  :  xii  : 

1.3 

'10 

11 
5 

34 

18 

248 
248 

0 
0 

Hence  fifty-two  salivary  glands,  dissected  out  from  sixteen 
fleas  taken  from  the  infected  breeding-cage,  failed  to  infect  a 
clean  rat  when  injected  into  it. 

Our  later  experiment  (Experiment  84)  was  carried  out  more 
elaborately.  In  the  first  place  each  batch  of  fleas,  after 
having  been  collected  from  the  infected  breeding-cage,  was 
first  put  on  a  clean  rat,  as  a  control.  Then  the  fleas  were 
recovered  from  the  control  rat  and  dissected ;  the  salivary 
glands  and  stomachs  were  then  injected  into  two  clean  rats 
respectively,  and  the  recta,  if  anything  was  seen  in  them, 
into  a  third.  The  details  of  Experiment  34  are  shown  in  the 
followinof  table : 
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CO 


I 


9^ 
II 

0+0+3++ 

c  £^. 
6"S  g 

* 
Ci  as  T—l  rH  O  !— 1  (M 
CO  CO  00  -*  LC  ITS  O 
OQ  CM  Oa  CM  <M  <M  (M 

1 

=ll=.|| 

lOi     ,      1    0500     1       i' 

^  !  Uui  1  1 

^    1     |C1^    ,     1 

1 

0+++0+0 

i1 

*       * 
t»  t^  1-0  r^  CI  r^  CO 

iC  i-O  -f*  "T*  lO  CC  CO 
(M  CM  Cq  (M  CM  <M  <M 

o  o2 
•  S  " 

C    P    <D 

CO  "to  i-o  <r>  CD  cc  lo 

(S 

o  o  o  o  o  o  o 

*       * 

CO  CD  CO  CO  CO  O  C-1 
i-O  i-O  'I'  -T*  LO  :D  'X' 
Ol  CM  CM  CM  (M  !M  C^l 

No.  of 
salivary 
f^'lands 

in- 
jected. 

'^  CM  O  -*  -*  Ol  O 
(M  CM  1-^  CM  CM  CI  I— 1 

§1 

O  O  .-1  T-H  i-l  .-1  rH 

.„.^ 

O  lO  CM  CO  CO  CD  r^ 
<M  r-i  rH  1-H  CM  CM  Ol 

Fleas 

recovered 

from  control 

rat. 

O  O   r-(   n-l  1— 1   t— I   I-H 

■^'S 

lO  »0  C5  O  i-O  lO  »-o 
CM  i-H         r-^Gl  CM  C-1 

a  . 

O   O  rH  r-^    r-   r-l  l-H 

.^.^ 
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From  the  details  summarised  in  the  above  table  it  is  seen 
that  no  infection  was  produced  by  150  salivary  glands  taken 
from  forty  fleas,  divided  into  seven  batches.  In  three  of 
these  batches,  comprising  eighteen  fleas,  from  which  sixty- 
eight  salivai'y  glands  Avere  obtained,  both  the  control  rats  and 
the  rats  infected  with  the  stomachs  ^  became  infected.  In  a 
fourth  batch,  comprising  five  fleas  from  which  nineteen 
salivary  glands  were  obtained,  the  control  rat  was  negative, 
the  rat  injected  with  the  stomachs  Avas  positive.  In  a  fifth 
batch,  comprising  five  fleas  from  which  fifteen  salivary  glands 
were  obtained,  the  control  rat  became  infected  but  the 
stomachs  produced  no  infection  ;  the  infectivity  of  this  batch 
must  have  been  in  the  recta,  which  unfortunately  were  not 
injected.  Thus,  omitting  the  two  batches  that  gave  negative 
results  throughout  and  reckoning  only  with  five  batches 
proved  to  contain  infective  fleas,  it  is  seen  that  102  salivary 
glands  obtained  from  twenty-eight  fleas  produced  no  infection. 
These  results  convinced  us  finally  that  the  salivary  glands  of 
the  flea  play  no  part  whatever  in  the  transmission  or  develop- 
ment of  the  trypanosome,  and  from  this  time  we  paid  no 
further  attention  to  them. 

(xi)  The  Rat  can  become  infected  by  eating  in- 
fected Fleas,  but  not  until  the  Developmental 
Cycle  of  the  Trypanosome  in  the  Flea  is  com- 
pleted. 

The  fact  that  rats  can  become  infected  by  eating  infected 
fleas  must  now  be  considered  as  well  established.  It  wasfii-st 
stated  in  print  by  Strickland  (1911),  but  Avas  then  already 
known  to  us  both  from  experiments  performed  by  ourselves 
and  froxn  others  carried  out  by  Dr,  Nicoll  at  the  Lister 
Institute  (see  our  preliminary  report,  1911). 

We  carried  out  some  further  experiments  to  determine 
whether  the  rat  could  become  infected  in  this  way  before  the 

lit  should  be  noted  that  the  stomachs  here  included  the  post- 
pyloric upper  end  of  the  intestine,  which,  as  shown  above,  is  often  the 
site  where  the  tiypanosomes  establish  themselves. 
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developmental  cycle  of  tlie  trypano.some  was  completed  in  the 
flea.  The  experiments  (Experiment  4G)  were  carried  on  for  a 
long  period,  each  exjDeriment  occupying  a  week.  The  following 
sample  is  typical  of  the  whole  series,  all  being  performed  in 
the  same  manner  and  each  corresponding  stage  of  the  experi- 
ment being  carried  out  on  the  same  day  of  the  week. 

Sunday,  20:iv:'13. — A  large  batch  of  fleas  (batch  6)  collected  from 
the  non-infected  breeding-cage  the  Friday  previously  -were  put  on  a 
well-infected  rat. 

Tuesday.  22  :iv: '13. — About  fifty  fleas  were  collected  from  the 
batch  (6)  and  fed  to  the  "  two-day  rat,"  clean  i-at  44-5.  The  method 
was  to  place  the  fleas,  when  collected,  on  the  surface  of  water  in  a  suit- 
able vessel ;  then  each  flea  was  carefully  picked  oflE  with  a  fine  forceps, 
and  either  it  was  decapitated  on  a  slide  in  a  drop  of  water  with  a  needle^ 
or  its  head  was  crushed  with  the  forceps.  Several  fleas  so  ti-eated  were 
stuck  into  a  pellet  of  damp  bread  and  given  to  the  rat,  previously  kept 
himgry  for  a  time.  As  a  rule  the  rats  when  fed  in  this  way  ate  both 
the  l)read  and  the  fleas  readily  and  even  gi-eedily. 

Thursday,  26  :  iv  :  "13. — About  fifty  more  fleas  of  the  infected 
Ijatch  (6)  were  collected  and  fed  to  the  "  four-day  rat,"  clean  rat  No.  448, 
in  the  same  manner. 

Saturday,  24 :  iv  . '13.— About  fifty  more  fleas  of  the  infected 
batch  (6)  were  collected  and  fed  to  the  "  six-day  rat,"  clean  rat  432,  in  the 
same  manner. 

On  the  Sunday  following  afresh  batch  (batch  7)  was  exposed  to  infec- 
tion in  the  same  way.  On  the  Tuesday  following  the  "  two-day  rat '" 
(Xo.  44.5),  being  found  not  to  have  become  infected,  was  fed  again  with 
about  fifty  fleas  of  batch  7.  On  the  Thursday  following  the  four-day 
rat  (Xo.  448),  not  having  become  infected,  was  fed  again  with  about 
fifty  fleas  of  batch  7.  On  the  Saturday  following  (3:v:'13)  the  six- 
day  rat  (Xo.  432),  which  then  showed  no  trypanosomes  in  its  IJood.  was 
fed  with  thirty-four  fleas  of  batch  7.  Rat  432  was  found,  however,  to 
1)6  showing  ti-ypanosomes  in  its  blood  when  examined  four  days  later 
(7:v:'l.3);  it  must  have  been  infected  by  the  fleas  of  batch  6.  For 
batch  8,  in  the  following  week,  a  fresh  clean  rat.  Xo.  452,  was  appointed 
to  be  the  new  six-day  rat ;  it  later  became  infected  by  the  six-day  fleas 
of  batch  12. 

These  experiments  were  continued  in  regular  routine  in 
the  manner  described,  from  lt3:ii:'13  to  22  :  iii  : '13,  and 
from   20:iv:'l:3   to    12:vi:'13,  iu   all    thirteen    weeks    and 
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thirteen  batches.  The  results  may  be  summarized  briefly  : 
No  rat  fed  either  with  fleas  exposed  to  infection  two  days 
previously,  or  with  fleas  exposed  to  infection  four  days  pre- 
viously, became  infected;  on  the  other  hand,  two  of  the  six- 
day  rats  fed  with  fleas  exposed  to  infection  six  days 
previously  became  infected.  It  may  be  inferred,  therefore, 
that  rats  cannot  be  infected  by  eating  infected  fleas  until  the 
infection  in  them  is  ripe,  that  is  to  say  until  the  develop- 
mental cycle  of  the  trypanosome  in  the  flea  is  complete. 

(It  may  be  mentioned  here  that  when  any  fleas  remained 
over  fiom  any  of  the  batches  used  in  this  experiment  they 
were  fed  under  observation  on  clean  rats  on  the  Monday, 
Tuesday  or  Wednesday  following,  that  is  to  say,  eight,  nine 
or  ten  days  after  they  had  been  first  exposed  to  infection 
(see  p.  654,  below).) 

(xii)  Infection  of  the  R;it  is  effected  contamina- 
tively,  by  way  of  the  Kat's  Mouth,  by  the  Rat 
licking  from  off  its  Fur  or  Skin  the  Moist 
Faeces  of  Infective  Fleas  containing  the  Final 
Propagative   Form  of  the  Cycle. 

This  mechanism  of  infection  was  first  demonstrated  by 
Noller  (1912)  and  fully  confirmed  by  Wenyon  (191o)  by 
means  of  expei-iments  which  put  the  matter  beyond  all 
reasonable  doubt.  Without  repeating  the  experiments  of 
these  authors,  we  tested  their  results  by  another  method, 
namely,  by  exposing  rats,  muzzled  and  pinioned,  to  infection 
by  a  large  number  of  infected  fleas. 

For  the  purpose  of  our  experiments,  we  made  use  in  most 
cases  of  our  infected  breeding-cage,  in  which  the  fleas  were 
swarming  in  great  numbers,  and  in  which  an  infected  rat  is 
kept  habitually,  so  that  the  fleas  ingest  blood  containing  try- 
panosomes  every  time  they  feed.  As  a  preparation  for  the 
experiment  the  infected  rat  was  removed  from  the  breeding- 
cage  and  kept  apart,  all  fleas  found  on  it  being  carefully 
cleaned  off  and  returned  to  the  breeding-cage.     The  breed- 
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ing-cage  was  then  left  without  a  rat  in  it  for  a  certain  time, 
sometimes  merely  from  morning  to  evening,  in  other  cases  a 
day  or  two,  in  order  to  induce  hunger  in  the  fleas.  Then  a 
clean  rat  was  introduced  into  the  cage  for  a  single  night  or 
from  morning  to  evening,  after  having  been  muzzled  in  the 
following  manner  :  The  muzzle  was  a  conical  cap  of  fine  wire 
gauze,  with  meshes  too  fine  for  a  flea  to  pass  through.  The 
cap  was  large  enough  to  cover  the  whole  head,  including  the 
ears  ;  the  opening  of  the  cone  had  a  broad  rim  or  sleeve  of 
soft  cloth,  and  a  draw-tape  was  run  through  the  free  edge  of 
the  sleevCj  so  that  by  pulling  the  two  ends  of  the  tape  the 
sleeve  could  be  drawn  up  as  tight  as  required.  When  fixing 
the  muzzle,  it  was  slipped  over  the  head  and  then  the  sleeve 
was  tightened  round  the  neck  behind  the  ears ;  the  two  free 
ends  of  the  tape  were  then  passed  downwards  and  foi'wards 
over  the  chest  and  backwards  under  each  axilla;  each  end  of 
the  tape  was  given  a  single  turn  round  the  upper  joint  of  the 
fore-leg  of  its  side  and  then  passed  backwards  and  upwards 
to  be  tied  to  the  other  end  of  the  tape  from  the  other  side  of 
the  body  over  the  back  of  the  rat.  In  this  way,  not  only  was 
the  head  of  the  rat  muzzled  so  that  it  could  not  lick  itself  or 
eat  fleas,  but  owing  to  the  fore-legs  being  secured  firmly  it 
could  not  use  them  to  tear  off  its  mvizzle,  which  the  rat 
always  makes  violent  efforts  to  do,  and  which,  in  spite  of 
all  precautions,  it  sometimes   succeeds  in  doing. 

The  clean  rat^  having  been  muzzled  in  the  manner  described, 
and  exposed  to  the  attentions  of  the  fleas  for  a  certain  time, 
was  removed  from  the  breeding-cage,  and  before  being 
unmuzzled  it  was  subjected  to  a  cleansing  process  which  con- 
sisted of  removing  all  fleas  from  it  and  of  washing  its  fur  all 
over  thoroughly  with  a  disinfectant  (lysol,  about  2  per  cent.). 
The  liquid  used  for  washing  usually  became  coloured  reddish- 
brown  from  the  fajces  deposited  on  the  fur  by  the  fleas. 
After  the  rat  had  been  cleansed  thoroughlj^,  its  fur  was  dried 
by  holding  it  close  to  an  ordinary  electric  lamp  and  then  its 
muzzle  was  removed  and  it  was  allowed  to  lick  itself  as  much 
as  it  wished,  being  kept  apart  from  all  fleas  and  its  blood 
examined  at  reg-ular  intervals. 
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As  a  variation  of  tlie  ahove  procedure  the  muzzled  rat 
was  not  put  into  the  infected  breeding-cage  in  some 
instances,  but  into  a  hell-jar  with  a  certain  number  of  fleas 
taken  from  the  infected  breeding-cage  and  previously  kept 
hungry. 

At  first  the  experiments  wei-e  controlled  by  putting 
unmuzzled  rats  into  the  infected  breeding-cagej  but  it  was 
found  superfluous  to  do  this,  since  in  many  of  our  actual 
experiments  the  muzzled  rats  succeeded  in  tearing  off  their 
muzzles  and  thus  furnished  improvised  but  very  efficient 
controls. 

The  following  is  a  brief  statement  of  the  experiments  (controls 
marked  *)  : 

(1)  Rat  447.  muzzled  and  put  into  the  infected  breeding-cage  from 
4.30  p.m..  23  :  iv  :  13,  to  10  a.m..  24  :  iv  :  13.  Examined  from  28  :  iv  to 
30  :  V,  not  infected  ;  inoculated  later  from  wild  rat  and  acquired  infec- 
tion in  due  course. 

(2)  Rat  449,  muzzled,  put  into  infected  breeding-cage  for  night  of 
25-26  :  iv  :  13.  Examined  up  to  30 :  v.  no  infection ;  put  into  infected 
breeding-cage.  30 :  v,  became  infected  in  due  course. 

(3)  *  Rat  4o0,  muzzled,  put  into  infected  breeding-cage  evening  of 
30  :  iv :  13  :  found  next  morning  with  its  muzzle  off ;  it  became  infected 
in  due  course. 

After  the  above-mentioned  experiments  had  been  performed 
in  the  manner  described,  namely,  by  cleaning  and  disinfecting 
the  rat  before  unmuzzling  it,  a  change  of  procedure  was 
adopted.  The  rat  that  liad  been  muzzled  and  put  in  the 
infected  breeding-cage  was  not  disinfected  when  taken  out, 
but,  after  having  been  freed  from  fleas,  its  fur  was  merely 
dried  thoroughly  by  holding  it  near  an  electric  lamp  before 
unmuzzling  tlie  rat  and  allowing  it  to  lick  its  fur.  This 
was  in  order  to  see  whether  dried  faeces  would  produce  an 
infection  when  licked  off. 

(4)  Rat  467.  muzzled,  put  into  infected  breeding-cage,  8  a.m.  to  4 
p.m.,  16 :  ii :  14  (the  infected  rat  having  l^een  removed  from  the  cage  two 
days  previously).     Examined  up  to  o  :  iii,  no  infection. 

(5)  Rat  468,  muzzled,  put  into  infected  breeding-cage  10  a.m.  to 
2  p.m.,  19  :  ii  :  14.     Procedure  othei'nise  same  as  in  last,  no  infection. 
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(6)  *Rat  469,  muzzled,  put  into  infected  breeding-cage,  7  p.m., 
20  :  ii :  '14;  found  next  morning  (8  a.m.)  with  muzzle  off ;  became  infected 
in  due  course. 

(7)  Rat  470,  muzzled,  put  into  infected  breeding-cage  11.30  p.m., 
23 :  ii :  '14,  treated  as  467,  etc. ;  no  infection.  Muzzled  and  put  into 
bell-jar  with  200  hungry  fleas  taken  from  infected  breeding-cage  9  a.m. 
to  2.30  iD.m.,  3  :  iii :  '14 ;  no  infection. 

(8)  *  Rat  472,  muzzled,  put  into  bell-jar  with  200  hungry  fleas  from 
the  infected  breeding-cage,  9  a.m.,  26 :  ii :  "14  ;  found  at  2.30  p.m.  with 
its  muzzle  off ;  became  infected  in  due  coiu-se. 

From  the  data  quoted,  it  is  seen  that  when  the  experiments 
were  carried  out  successfully,  that  is  to  say,  when  the  muzzle 
kept  on,  the  rat  did  not  become  infected,  alike  whether  its 
fur  was  cleaned  and  disinfected,  or  merely  dried,  before  it 
was  unmuzzled.  But  in  those  cases  in  which  the  rat  succeeded 
in  ridding  itself  of  its  muzzle  by  its  own  efforts,  it  became 
infected  in  due  course. 

It  is  evident  that  the  sole  effect  of  the  muzzle  is  to  exclude 
infection  of  the  rat  by  way  of  its  mouth.  The  way  is  still 
open  for  the  rat  to  become  infected  through  the  skin,  either 
(1)  by  the  trypanosomes  passing  in  through  the  puncture 
made  by  the  proboscis  of  the  flea,  a  possibility  suggested  by 
Noller;  or  (2)  by  the  faeces  being  rubbed  into  wounds  or 
abrasions  on  the  skin ;  or  (3)  by  the  small  trypanosomes  iu 
the  fteces  penetrating  by  their  own  efforts  through  the  skin. 
But  since  all  the  results  with  rats  muzzled  efficiently  were 
negative,  it  is  evident  that  no  infection  per  cut  em  by  any 
of  these  possible  ways  occurred  in  these  experiments  and  it 
becomes  highly  probable  that  it  does  not  take  place  naturally 
in  any  of  these  ways.  On  the  other  hand,  since  the  muzzle 
excludes  only  infection  per  os,  it  becomes  also  probable  that 
the  rats  that  succeeded  in  tearing  off  their  muzzles  were 
infected  in  this  manner. 

It  may  be  mentioned  finally  that  an  experiment  (Experi- 
ment 43)  was  carried  out  in  which  the  faeces,  collected  over- 
night in  a  moist  glass  capsule,  of  fleas  from  the  infected 
breeding-cage  were  injected  under  the  skin  of  a  clean  rat,  but 
the  result  was  neu'ative. 
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(xiii)  Can  the  Flea  infect  tlie  Rat  by  inoculating 
the  Trypanosomes  into  it  through  the  Pro- 
boscis ? 

The  first  to  throw  doubt  upon  the  occurrence  of  this  mode 
of  transmission  were  Strickland  and  Swellengrebel  (1910,  '12), 
who  made  a  number  of  attempts  to  infect  rats  by  feeding 
infected  fleas  on  them  through  gauze.  Every  such  experi- 
ment gave  negative  results.  We  repeated  these  experiments, 
and  always  with  the  same  negative  results. 

We  also  carried  out  a  large  number  of  experiments  in 
which  fleas  taken  from  tlie  infected  breeding-cage  were  fed 
on  clean  rats  under  observation.  Our  course  of  procedure, 
in  its  latest  and  most  highly  elaborate  form,  was  as  follows  :  ^ 

A  certain  number  of  fleas,  collected  from  the  infected 
breeding-cage,  or  fed  on  an  infected  rat  more  than  seven  days 
previously,  or  known  experimentally  to  be  infective,  were 
kept  in  a  flask  containing  some  damp  sand  for  three  or  more 
days,  to  make  them  hungry.  When  the  experiment  was 
about  to  take  place  the  fleas  that  it  was  proposed  to  use  were 
put  each  into  a  separate  test-tube.  A  clean  rat  was  prepared 
for  the  experiment  by  shaving  a  small  region  of  its  skin,  usually 
on  the  belly,  sometimes  on  the  inside  of  the  thigh  (a  favourite 
spot  for  fleas  to  feed).  The  rat  Avas  then  held  still  by  an 
assistant,  witli  its  tonsure  upwards.  The  test-tube  was  inverted 
on  to  the  tonsure  aud  at  first  kept  pressed  upon  it ;  the  flea  was 
thus  emptied  out  on  to  the  shaved  ai'ea  of  the  skin.  At  first  the 
flea  runs  round  aud  round  inside  the  circle  formed  by  the  rim  of 
the  test-tube,  but  usually  comes  to  rest  very  soon,  and  inserts 
its  proboscis  into  the  skin.  In  some  cases,  however,  the  flea 
refuses  to  feed,  and  either  continues  to  run  about  or  remains 
perfectly  still  in  one  place,  presenting  a  deceptive  appearance 

'  We  did  not  adopt  N  oiler's  method  of  tethering  the  fleas,  since  it 
seemed  to  us  Letter  that  the  flea  should  be  free  and  unhampered  in  its 
movements,  and  would  then  be  more  likely  to  feed  in  a  natural  way. 
Oui-  colleagues.  Dr.  Martin  and  Mr.  Bacot,  who  were  doing  experiments 
at  the  same  time  on  transmission  of  plague,  also  found  it  uimecessary 
to  tether  the  fleas. 
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of  being  engaged  in  feeding,  but  when  recaptured  and 
examined  it  is  found  to  have  been  merely  thinking. 

In  fleas  carefully  watched  it  is  not  difficult  to  observe  witli 
a  hand-lens  the  penetration  of  th.e  proboscis  into  the  skin,  the 
rush  of  blood  into  the  stomach  of  the  flea,  and  the  withdrawal 
of  the  pioboscis  when  the  flea  is  replere.  From  a  number  of 
fleas  that  were  timed  carefully  it  was  found  that  the  male  flea 
took  about  Ij  minutes  to  fili  its  stomach,  the  female  about 
2j  minutes.  In  all  the  fleas  we  have  fed  under  observation 
we  have  never  once  observed  the  flea  to  defalcate  while 
feeding,  though  particular  attention  was  directed  to  this 
point.  Only  in  one  case,  when  the  flea  after  feeding  succeeded 
in  making  good  its  escape  into  the  fur,  it  was  found  to  have 
defaecated  there.^ 

While  the  flea  is  feeding  an  assistant  holds  over  it  a  paint- 
brush dipped  in  a  thick  syrupy  solution  of  sugar  and  water. 
As  soon  as  the  flea  has  filled  its  stomach  it  withdraws  its 
proboscis  and  makes  a  rush  for  the  fur  of  the  rat,  but  as  soon 
as  it  does  so  the  assistant  dabs  the  paint-brush  down  on  it 
and  catches  it.  From  the  paint-brush,  to  which  it  sticks,  the 
flea  is  put  in  water,  which  cleans  off  the  sugar-syrup  ;  it  can 
then  be  dissected  or  put  back  in  the  cage,  none  the  worse  for 
its  adventure.  If  it  succeeds  in  getting  into  the  fur  of  the 
I'at  it  must  be  recaptured,  and  any  fieces  it  may  have  deposited 
must  be  washed  off  with  a  disinfectant. 

Fleas  that  refuse  to  feed  can  either  be  put  back  in  their 
test-tubes  and  given  another  chance  on  the  following  day,  or 
dissected  and  examined  as  controls. 

In  the  majority  of  cases  the  fleas  fed  under  observation 
were  either  fleas  taken  at  random  from  the  infected  breeding- 
cage   or  fleas  which   had   been  fed   on  an  infected  rat  at  a 

^  Our  experience  of  the  feedin^^  habits  of  Ceratophj-lliis  fasci- 
atus  does  not  agree  in  the  least  with  tlie  account  given  by  Noller  for 
Ctenocephalus  canis.  The  habits  of  the  two  species  are  evidently 
quite  different.  The  former  lives  in  the  burrows  of  the  rat,  and  only 
goes  on  to  the  rat  in  order  to  feed,  while  the  latter  lives  more  or  less 
permanently  in  the  fur  of  the  dog. 


€54  E.   A.    MINCHIN   AND   J.    D.   THOMSON. 

definite  time,  and  of  which  the  age  of  the  infection  was  known 
exactly.  In  a  few  cases  we  used  fleas  which  had  been  put 
siugl}'  on  clean  rats  and  had  produced  an  infection,  and  were 
therefcn-e  known  to  be  infective.  Thus  rat  367a  had  a 
"known  infective^'  flea  fed  on  it  on  26  :  vii  :  ^12  and  again 
on  29  :  vii  :  '12,  and  another  such  flea  was  fed  on  the  same 
rat  on  3  :  viii  :  ^12^  but  the  rat  did  not  become  infected 
(Experiment  44a). 

We  have  in  our  notebooks  records  of  150  fleas  fed  on  rats 
under  observation  in  this  way.  Since  the  results  were 
uniformly  negative  it  is  quite  unnecessary  to  refer  to  them  in 
further  detail,  but  it  may  be  of  some  interest  to  mention 
some  cases  in  which  the  fleas  were  dissected  and  examined 
immediately  after  the  experiment.  These  were  fleas  leftover 
from  the  batches  used  in  Experiment  46  (see  above,  p.  648), 
and  were  therefore,  all  of  them,  fleas  in  which  the  age  of  the 
infection  was  known. 

11  :  iii  :  "13. — Six  fleas  left  over  from  batch  3;  infection  of  the  fleas 
nine  days  old.  Five  fleas  fed,  in  three  of  which  no  trypanosomes 
were  seen,  in  a  fourth  the  stomach  contained  an  infection  of  crithidial 
forms,  and  in  a  fifth  both  stomach  and  rectum  contained  crithidial 
forms.  (In  a  sixth  flea,  which  had  not  fed,  both  stomach  and  rectum 
also  contained  crithidial  fonns.) 

12  :  iii  :  "13. — Four  fleas  of  the  same  bfitch  as  yesterday;  infection 
ten  days  old.  All  fed.  In  two  nothing  was  seen,  the  other  two  had 
crithidial  forms  in  the  rectum. 

13  :  iii  :  "13. — Two  fleas  of  the  same  batch  as  last ;  infection  eleven 
days  old.  One,  which  fed,  had  a  few  crithidial  forms  in  the  rectum.  (In 
the  other,  not  fed,  nothing  was  found.) 

17  :  iii  :  '13. — Four  fleas  of  batch  4;  infection  eight  days  old.  One 
which  fed,  had  a  swarming  infection  of  the  rectum  and  a  few  crithidial 
forms  in  the  stomach.  (Of  the  three  which  did  not  feed  all  had 
crithidial  forms  in  the  rectum,  one  in  the  stomach  also.) 

18 :  iii  :  '13. — Three  fleas  of  the  same  batch  as  last ;  infection  nine 
days  old.  One,  which  fed,  had  crithidial  fonns  in  the  stomach.  (Of 
the  two  which  did  not  feed,  in  one  nothing  was  found,  the  other  had 
scanty  crithidial  forms  both  in  stomach  and  rectum.) 

19  :  iii  :  '13. — Six  fleas  of  the  same  batch  as  last ;  infection  ten  days 
old.  Four  fed.  In  one  nothing  was  found  ;  in  two  there  were  crithidial 
forms  in  the  rectum  only ;  in  the  fourth  there  were  crithidial  forms  in 
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the  stomach  only.     (Two  did  not  feed.     In  one  of  them  nothing  was 
found,  in  the  other  there  were  crithidial  forms  in  the  rectum  only.) 

5  :  V  :  '13. — Ten  fleas  of  batch  8  ;  infection  eight  days  old.  Five  fed. 
Of  these  thi'ee  showed  crithidias  in  the  rectum  only,  one  in  the  rectum 
and  stomach  and  one  was  quite  negative.  (Five  did  not  feed.  Of  these 
one  had  crithidial  foi*ms  in  the  stomach  only,  one  in  the  rectum  only, 
one  both  in  the  stomach  and  rectum,  and  two  were  quite  negative.) 

13  :  V  '13. — Six  fleas  of  batch  8,  infection  nine  days  old.  One  fed, 
five  did  not ;  the  examination  of  all  the  six  was  negative  in  result. 

14  :  V  :  '13. — Eight  fleas  of  the  same  batch  as  last ;  infection  ten  days 
old.  Five  fed,  three  did  not ;  the  examination  in  all  cases  was  negative 
in  result. 

19  :  V  :  '13. — Six  fleas  of  batch  9  ;  infection  eight  days  old.  Only 
one  flea  fed ;  all  the  six  negative. 

20  :  V  :  '13. — Six  fleas  of  the  same  as  last ;  infection  nine  days  old. 
Four  fed,  two  did  not ;  all  six  negative. 

26  :  V  :  '13.^Six  fleas  of  batch  10  ;  infection  seven  and  a  half  days  old. 
One  fed  which  was  negative.  (Of  the  five  which  did  not  feed,  one  was  quite 
negative,  three  had  crithidial  forms  in  the  rectum  only,  and  one  both 
in  the  stomach  and  rectum.) 

27  :  V  ;  '13. — Six  fleas  of  the  same  batch  as  last ;  infection  eight  and  a 
half  days  old.  Of  four  that  fed,  two  were  quite  negative,  two  had 
crithidial  forms  in  the  rectum.  (The  two  that  did  not  feed  had 
crithidial  forms,  both  in  stomach  and  rectum.) 

2  :  vi  :  '13. — Six  fleas  of  batch  11 ;  infection  eight  days  old.  Three 
that  fed  in  two  cases  crithidial  forms  in  the  rectum  only,  the  third  was 
quite  negative.  (In  the  three  that  did  not  feed,  two  were  quite  negative, 
one  had  crithidial  forms  in  the  rectum  only.) 

3  :  vi  :  '13. — Six  fleas  of  same  batch  as  last ;  infection  nine  days  old. 
Two  that  fed  were  both  negative.  (In  the  four  that  did  not  feed,  two 
had  crithidial  forms  in  the  rectum  only,  one  in  the  stomach  only,  one  in 
both  rectum  and  stomach.) 

9  :  vi  :  '13. — Seven  fleas  of  batch  12  ;  infection  eight  days  old. 
Three  fed,  two  of  which  had  crithidial  forms  in  the  rectum  only  ;  one 
was  quite  negative.  (All  the  four  that  did  not  feed  had  crithidial  forms 
in  the  rectum,  and  one  of  them  in  the  stomach  also.) 

It  is  seen  from  the  data  that  in  many  cases  the  fleas  that 
fed  on  the  rats  contained  copious  infections  in  the  rectum, 
the  stomach  or  both;  but  not  ia  a  single  case  was  any 
infection  produced  in  the  rats  fed  upon  by  the  fleas.  At  the 
present  time,  therefore,  the  answer  to  the  question  posed  at 
the  head  of  this  section  must  be  a  very  decided  negative. 
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(xiv)  Hereditai\y  Transmission  of  the  Trypanosome 
from  Flea  to  Flea  does  not,  in  our  Experience, 
take  place. 

In  order  to  obtain,  if  possible,  fleas  infected  hereditarily,  a 
clean,  freshly-prepared  breeding-cage  was  colonised  with  648 
flea-larvas  taken  from  the  infected  breeding-cage  at  various 
dates  between  23  :  ix  :  ^10  and  26  :  x  :  '10.  Adult  fleas  were 
first  seen  in  the  cage  on  the  latter  date,  subsequently  to  which 
100  more  larvae  were  added  (3  :  xi  :  '10). 

Thinking,  however,  that  the  larvee  in  the  infected  breed- 
ing-cage might  possibly  infect  themselves  directly  from  the 
faeces  of  adult  fleas  in  the  cage,  we  also  colonised  another 
clean  breeding-cage  with  larvse  newly-hatched  from  eggs  laid 
by  fleas  taken  from  the  infected  breeding-cage.  The  method 
was  to  take  a  certain  number  of  fleas  from  the  infected  breed- 
ing-cage and  keep  them  overnight  in  a  glass  capsule  contain- 
ing a  glass  coverslip  at  the  bottom.  In  the  morning  a  certain 
number  of  eggs  were  usually  found,  some  on  the  glass  of  the 
capsule,  some  on  the  coverslip.  The  fleas  having  been 
returned  to  the  infected  breeding-cage,  the  eggs  were  care- 
fully removed  by  means  of  a  soft  camel's-hair  paint-brush, 
slightly  moistened,  from  the  glass  of  the  capsule  and  each  egg 
was  placed  on  a  small  piece  of  black  paper,  to  which  it 
adhered.  At  first  the  eggs,  attached  either  to  the  coverslip 
or  to  the  black  paper,  were  put  in  the  new  breeding-cage  and 
allowed  to  hatch  there;  between  1  :  x  :  '10  and  11  :  x  :  '10 
there  were  sixty  eggs  introduced  in  this  way,  but  since  they 
did  not  all  hatch,  another  method  was  adopted.  The  eggs 
laid  were  kept  in  a  glass  capsule  till  they  hatched,  and  then 
the  newly-hatched  larvae  were  put  into  the  breeding-cage.  In 
this  way  159  larvae  were  introduced  into  the  breeding-cage 
between  18  :  x  :  '10  and  22  :  xi  :  '10.  The  time  taken  by 
the  eggs  to  hatch  varied  between  six  to  eight  days  in  October 
and  ten  to  twelve  days  towards  the  end  of  November  (labora- 
tory-temperature) . 

In  the  two  cages  colonised  in  this  way  clean  rats  were  kept 
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for    a  long  time^  but    no  infection    was  produced    in   either 


case. 


(xv)  The  Trypanosomes  in  the  Blood  of  the  Eat  can 
render  Fleas  infective  very  soon  after  they 
make  their  First  Appearance  in  the  Blood, 
before   their   ]\Iultiplication-Period    is    over. 

In  their  paper  on  the  life-history  of  Trypanosoma 
lewisi  in  the  rat-louse,  Breinl  and  Hindle  (1909)  state  that 
they  were  unable  to  produce  an  infection  of  the  louse  when  it 
was  fed  on  the  rat  during  the  multiplication-period;  they 
state  that  ''  during  the  first  stages  of  infection,  so  long  as 
■dividing  and  segmenting  forms  were  present  in  the  blood,  the 
trypanosomes  taken  up  by  the  louse  only  degenerated." 
Wishing  to  find  if  this  was  true  for  the  flea  also,  we  did  two 
■experiments  (Experiments  26  and  28)  in  which  a  number  of 
fleas  were  first  fed  on  an  infected  rat  during  the  multipli- 
cation-period of  the  trypanosomes.  The  fleas  were  then 
recovered  and  used  to  colonise  a  freshly-prepared  flea-cage, 
into  which  a  clean  rat  was  put.  In  both  cases  the  result  was 
positive,  showing  that  fleas  can  become  infective  after  having 
fed  on  infected  rats  in  which  the  trypanosomes  are  under- 
going multiplication. 

We  then  planned  and  carried  out  a  more  elaborate  experi- 
ment (Experiment  40)  to  determine  how  soon  a  rat  infected 
by  fleas  can  infect  fleas  again.  For  this  purpose  rat  317  was 
placed  for  one  day  (15-16  :  v  :'ll)  in  the  infected  breeding- 
cage  after  the  cage  had  been  kept  without  a  rat  in  it  for  three 
days,  to  make  the  fleas  hungry.  Rat  317  first  showed  try- 
panosomes in  its  blood  on  21  :v;  the  multiplication-period 
was  ended  25  :  v  or  the  following  day. 

Meanwhile,  a  succession  of  eight  flea-cages,  numbered  A  to 
H,  were  colonised  with  clean  fleas,  taken  from  the  non-infected 
breeding-cage,  and  rat  317  was  put  in  each  cage  successively 
for  one  day,  thus  : 
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7<»  fleas,  12 :  V  ; 

rat 

317  put 

in  16-17 : V 

70       ,.      13 :  V 

)! 

17-18 :v 

50       ..      15  :  V 

»J                       ,, 

18-19 : V 

50       ..      16  :  V 

,                        ,, 

19-20 : V 

50       .,      17 :  V 

20-22 : V 

50       ,.     18  :v 

»                        ,, 

22-23 :v 

50       ..      19 :  V 

,                        ,, 

23-24 :v 

50      „     20 : V 

, 

,                        ,, 

24-25 : V 

B 

C 
D 
E 
F 
G 
H 


After  rat  317  had  been  taken  out  of  each  of  the  cages,  a 
clean  rat  Avas  put  into  the  cage  in  its  place  and  left  in,  with 
the  following  result  : 

Rat  218  put  in  Cage  A.  1 7  :  v ;  result  <  > 
„  264 
,.  266 
„  267 
„  268 
.,  269 
„  270 


.,       B    18  :v 

0 

„       C    19  :v 

,       0 

„        D    20  :V 

.       0 

,.      E   22:v 

,       0 

„      F   23:v 

,      0 

„      G  24:v 

.    + 

Found  to  be  infected, 
14 :  vi. 

271 


H  25 :  V 


0 


From  the  above  data  it  is  seen  that  rat  317,  exposed  to 
infection  15-16  :v,  did  not  render  any  fleas  infective  before 
the  batch  that  fed  on  it  in  cage  Gr,  23-24  :  v,  seven  to  nine 
days  after  it  had  been  infected  and  two  days  after  trypano- 
somes  were  first  seen  in  its  blood,  at  a  time  when  the  multi- 
plication of  the  trypanosomes  was  proceeding  actively.  The 
late  appearance  of  the  infection  in  rat  270  (the  record  of 
which  indicates  that  infection  took  place  about  6  :  vi,  twelve 
days  after  it  had  been  in  contact  with  the  fleas  and  thirteen 
da3's  after  the  fleas  themselves  had  been  exposed  to  infection), 
indicates  that  only  a  small  percentage  of  the  fleas  in  cage  Gr 
became  infective. 

From  these  experiments  we  deduce  that  infection  of  the 
flea  is  not  dependent  on  the  presence  of  special  propagative 
forms  of  the  tx'ypanosome  produced  late  in  the  rat's  blood. 
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(3)  Pkoblems  of  Special  Nature. 

(xvi)  The  Trypanosomes  succeed  in  establishing 
themselves  in  the  Flea  and  rendering  it 
infective  to  the  Rat  in  only  a  Small  Proportion 
of  the  Fleas  (Ceratophyllus  fasciatus)  that 
ingest  them. 

It  has  already  been  pointed  out  above,  in  the  description  of 
the  developmental  cycle  of  the  trypanosome,  that  in  the 
greater  number  of  the  fleas  fed  on  infected  rats  the  trypano- 
somes degenerate  and  die  out  completely,  and  that  they 
succeed  in  establishing  themselves  in  but  a  small  percentage 
of  the  fleas.  We  have  also  tested  this  question  experimen- 
tally by  the  method  of  taking  fleas  from  the  infective 
breeding-cage  and  putting  these  fleas  on  clean  rats.  At 
first  we  carried  out  such  experiments  by  taking  small  batches, 
each  of  five  or  six  fleas,  from  the  infected  breeding-cage  and 
putting  each  batch  separately  on  a  clean  rat.  Eleven  such 
experiments  were  performed  with  the  results  summarised  in 
Table  J,  from  which  it  is  seen  that  three  batches,  each  of  five 
fleas,  produced  one  infection,  and  that  eight  batches,  each  of 
six  fieas,  produced  four  infections.  In  each  case,  as  in  many 
of  the  subsequent  experiments  now  to  be  recorded,  the  fleas 
were  left  on  the  rat  three  or  four  days  on  the  supposition, 
which  is  probably  correct,  that  a  flea  will  become  sufiiciently 
hungry  to  feed  in  the  course  of  three  days,  and  on  the  further 
supposition,  which  has  now  proved  to  be  incorrect,  that  the 
infection  passes  into  the  rat  through  the  proboscis  of  the  flea. 

Tiie  results  of  the  experiments  summarized  in  Table  J  are 
iucoDclusive,  and  could  only  permit  of  deductions  approxi- 
mately exact  if  carried  out  in  great  number.  When  a  batch 
gives  a  positive  result  there  is  no  clue  as  to  the  number  of 
infective  fleas  contained  in  it.  Further,  it  has  been  brought 
home  to  us  by  subsequent  experience  that  an  infective  flea 
often  fails  to  produce  an  infection.  Thus,  comparing  Table  J 
with  Table  I,  it  is  seen  that  the  batch  of  5  :  i  :'ll  failed  to 
infect  rat  231    (a  rat  infected  subsequently   in   another   ex- 
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Table  J. — Experiments  to  determine  the  Percentage 
of  Infective  Fleas  by  taking  batches  of  Fleas 
from  the  Infected  Breeding-cage  and  putting 
each  batch  on  a  Clean  Rat. 


Exi)eri- 
ment 
No. 

Date. 

No.  of 
fleas  in 
batch. 

Fleas  left  on 
rat. 

Rat  No. 

3 
o 

Tryps.  first 
seen. 

ilultipl. 
ended. 

27  bis 

14  :  ii  :  10 

•5 

4  days 

186 

0 



_ 

9f 

5 

4     ., 

187 

+ 

21  :  ii  :  10 

26  :  ii  :  10 

J9 

„ 

5 

4    ., 

188 

0 

— 

— 

34 

22  :  xi  ;  '10 

6 

3     „ 

239 

0 

— 

— 

,, 

12  :  xii  :  10 

6 

3     „ 

239 

+ 

19  :  xii  :  10  22  :  xii  :  10 

,, 

5  :  i  :  11 

6 

4     ., 

231 

0 

— 

■ 

6  :  i  :  11 

6 

4     „ 

241 

+ 

16:i:ll 

19  :  i :  11 

„ 

9:i:ll 

6 

4    ., 

242 

0 

— 

— 

19  :  i  :  11 

6 

4    ., 

250 

0 

— 

— 

6 

4     „ 

251 

+ 

26  :  i  :  11 

30:i:ll 

" 

6 

4    „ 

252 

+ 

25  :  i  :  11 

30  :  i :  11 

Compare  also  Table  I  above  (p.  645). 

periment),  but,  nevertheless,  the  stomachs  of  this  batch, 
injected  into  rat  245,  produced  an  infection. 

In  order  to  obtain  results  from  which  more  exact  conclu- 
sions could  be  drawn,  we  experimented  in  a  different  manner, 
acting  under  the  advice  of  Dr.  M.  Greenwood,  Statistician 
of  the  Lister  Institute.  We  took  batches  of  fleas  from  the 
infected  breeding-cage  and  put  them  on  clean  rats,  one  flea 
on  each  rat.  A  large  number  of  such  experiments  were 
carried  out  with  the  results  summarized  in  Table  K,  from 
which  it  is  seen  that  115  fleas  placed  each  on  a  clean  rat 
pi'oduced  but  eleven  infections,  a  percentage  of  9'56 
approximately. 

It  is  evident,  however,  that  the  bare  numerical  results  of 
the  experiments  summarized  in  Table  K  cannot  be  taken  as 
final,  for  the  following  reasons  : 

(1)  The  number  of  days  given  in  the  table  as  the  time 
during  which  the  flea  was  left  on  the  rat  is  reckoned  from 
the  date  the  flea  was  put  on  the  rat  to  the  date  on  which  the 
ilea  was  sought  for.     But  in  many  cases  the  flea  when  sought 
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Table  K. — Infections  produced  by  Fleas  taken  at  Random 
from  the  Infected  Breeding-cage  and  put  singly  on 
Clean  Rats. 


Negative 

Positive 

Total 

Total 

Percentage 

Fleas  left  on  the  rat. 

Date  put  on. 

results. 

results. 

negative. 

positive. 

of  positive. 

One  day 

1 
6:xii:'10    ' 

1 





— 

— 

12:xii:'10 

3 

— 

— 

—        1 

— 

18  :  xii  :  '10 

2 

— 

— 

—        1 

— 

Total     . 

1 

— 

— 

6 

0 

Three  days 

2:viii:'10 

4 

1 



—        1 

— 

19  :  ix  :  '10 

2 

1 

— 

— 

— 

10  :  X  :  '10 

3 

— 

— 

— 

— 

1 :  xi  :  '10 

2 

1 

— 

— 

— • 

18  :  xi  :  '10 

3 

— 

— 



— 

19:xi:'10 

3 

— 

— 

— 

— • 

Total     . 

— 

— 

— 

17 

3 

15 

Four  days 

19  :  ix  :  '10 

2 

— 

— 

— 

— 

10  :  X : '10 

2 

1 

— 

— 

— 

13  :  x  :  '10 

3 

— 

— 

— 

— 

14:x:'10 

3 

— 

— 

— 

— 

3  :  xi  :  '10 

3 

— 

— 

— 

ll:xi:'10 

2 

1 

— 

— 

12  :  xi  :  '10 

3 

— 

— 

— 

— 

29  :  xi  :  '10 

1 

— 

— 

— 

— 

14  :  ii  :  '11 

8 

2 

— 

— 

— 

' 

28  :  ii :  '11 

9 

— 

— 

— 

— 

Total     . . 

— 

— 

— 

36 

4 

10 

Five  days 

19  :  X  :  '10 

3 

— 

— 

—        1 

20  :  X  .  '10 

2 

1 

— 

— 



Total     . 

— 

— 

5 

1 

16-6 

Six  days 

27:i:'ll 

10 

— 

— 

1 

Total     . 

— 

— 

— 

10 

0 

Ten  days 

Total     . 

29  :  vii :  '11 

7 

1 

7 

1 

j       12-5 

Sixteen  days 

9:i:'12 

9 

1 

— 

— 

[ 

13:i:'13 

7 

i 

— 

— 

— 

Total     . 

— 

— 

— 

16 

i       111 

Eighteen  days 

3  :  iv  :  '13 

5 

— 

— 

1 

1 

— 

21:iv:'13 

2 

— 

— 

1             

1        — 

Total     . 

— 

1       — 

— 

7 

i         0 

Grand  total     . 

— 

1 

— 

104 

11 

9-56 

1 
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for  was  not  found,  and  it  must  be  supposed  that  the  flea  died. 
If  it  died  a  natural  death  before  going  on  to  the  rat  the 
result  would  of  course  be  negative  whether  the  flea  was 
infective  or  not.  If  eaten  by  the  rat,  an  infective  flea  would 
probably  produce  a  positive  result. 

(2)  The  fact,  now  established,  that  the  flea  does  not  infect 
by  the  puncture  of  the  proboscis,  but  containinatively,  renders 
the  iufection  a  very  casual  affair,  especially  when  only  one 
flea  is  on  the  rat,  and  the  probability  of  the  infection  taking 
place  is  relatively  low.  This  is  clearly  shown  by  Experiment 
o7,  tabulated  above  (Table  G,  p.  640),  in  which  one  infecti\% 
flea,  put  on  seventeen  rats  successively,  over  a  period  of 
about  three  months,  infected  seven  of  them,  and  another  flea, 
put  on  ten  rats  over  a  period  of  about  two  months,  infected 
only  three  of  them.  An  analysis  of  these  results  is  given  in 
Table  L,  from  Avhich  it  is  seen  that  twenty-seven  exposures  of 
rats  to  infection  by  two  fleas  known  to  be  infective  produced 
ten  infections,  equivalent  to  37  per  cent,  of  positive  results. 

Table  L. — Infections  produced  by  Two  Fleas  known 
experimentally  to  be  Infective  and  placed 
singly   on   Clean   Rats. 


Flea  left  on  the  rat. 

Negative 
results. 

Positive 
results. 

Total 
negative. 

Total 
Ijositive. 

Four  days 

Five  days 

Six  days          .         . 

Seven  days     . 

4 

10 

1 

2 

4 
6 

17 

10 

A  side-light  on  the  problem  of  the  percentage  of  infective 
fleas  might  be  obtained  from  the  dissection  and  examination 
of  fleas  six  days  or  more  after  they  have  been  fed  on  an 
infected  rat.  From  Table  B  it  is  seen  that,  of  118  such  fleas 
examined,  fifty-three  were  found  to  contain  stages  of  the 
trypanosome ;  of  these  twenty-eight  had  a  scanty,  twenty-five 
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an  abundant,  infection.  The  value  of  these  data,  however,  is 
somewhat  uncertain,  as  an  aid.  to  the  solution  of  the  problem 
under  consideration. 

From  the  foregoing  summary  of  the  data,  it  is  evident  that 
the  computation  of  the  percentage  of  fleas  that  become 
infective,  of  those  exposed  to  infection,  is  a  somewhat  com- 
plicated statistical  problem.  We  have  submitted  the  data  to 
Dr.  Greenwood,  who  has  kindly  supplied  us  with  the  report 
appended  below,  from  w^hich  it  is  seen  that  the  percentage  of 
infected  fleas  lies  probably  between  5*9  per  cent,  and 
45*7  per  cent.,  the  mean  being  25*8  per  cent. 

Report    of  Dr.   M.   Greenwood. 
The  problem  it  is  desired  to  solve  is  the  following : 
Within   what  limits  does  the  true  proportion  of  infective 
fleas  in  the  population  of  which  those  enumerated  in  Table  K 
are  a  sample  probably  lie  ? 

Of  115  fleas  left  not  more  than  eighteen  days  on  clean  rats, 
eleven  produced  infections.  But  all  infective  fleas  do  not 
produce  infections,  and,  according  to  Table  L,  in  twent^'^-seven 
trials  with  unquestionably  infective  fleas  only  ten  produced 
infections  in  clean  rats.  Accordingly,  it  follows  that  the 
proportion  of  fleas  in  the  first  experiment  which  actually  pro- 
duced infection  must  be  divided  by  the  proportion  found  in 
the  other  experiment  to  arrive  at  the  ratio  of  potentially 
infective  fleas,  which  is  the  quantity  sought.  This  is — 
11 

Us      ^     o  . 

—j- T  =  '2583  or  25'8  per  cent. 

"27 

But  the  two  ratios  from  which  this  result  is  derived  are  each 

subject  to   errors   of  random   sampling,  and   it  is   necessary 

to  compute  the   "  probable  error  "  of  sampling  to  which  the 

final  proportion  is  subject.     Since  the  two   proportions  are 

entirely    independent   one    of     another,    the    square    of    the 

00,       90 

.       .       S/.B-  +  Sg-.A- 

standard   deviation   of   their  ratio  is r where  a 
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is  the  proportion  observed  among  the  115  fleas,  and  s^  its 
standard  deviation  and  b  and  Sb  similar  quantities  in  the 
case  of  the  twenty-seven  trials  of  the  other  experiments. 

Using  this  formula  Ave  reach  9*84  per  cent,  as  the  value  of 
the  standard  deviation  or  '67449  times  this  =  6*64  per  cent, 
for  the  "  probable  error."  Taking  the  usual  margin,  three 
times  the  "  probable  error,"  the  conclusion  may  be  drawn  that 
the  real  proportion  of  infective  fleas  is  very  unlikely  to  be 
beyond  the  limits  5*9  per  cent,  and  45*7  per  cent. 

This  is  the  conclusion  which  might,  I  think,  legitimately  be 
drawn  from  the  two  experiments,  but  two  cautions  must  be 
had  in  mind.  The  first  is  that  the  number  of  trials  in  the 
second  Experiment,  27,  is  rather  small,  and  consequently  the 
application  of  the  customary  theory  of  sampling  errors  must 
be  made  with  hesitation.  The  second  caution  is  that  we  are 
using  twenty-seven  trials  with  two  fleas,  not  twenty-seven 
separate  fleas,  consequently,  the  two  experiments  are  not 
strictly  in  pari  materia.  The  two  fleas  used  gave  very 
different  proportions  of  successes,  and  it  might  happen  that 
were  a  larger  number  of  definitely  infective  fleas  used,  the 
factor  for  division  would  be  substantially  modified.  The 
above  calculation  can  naturally  give  us  no  information  on  this 
point  since  it  proceeds  in  terms  of  trials,  twenty-seven  trials 
with  two  fleas  being  assumed  to  be  the  same  as  twenty-seven 
trials  with  twenty-seven  fleas,  and  that  the  differences  do  not 
depend  upon  the  idiosyncrasies  of  the  fleas,  but  upon  the 
fluctuations  of  chance,  the  fleas  being  used  simply  as  dice  or 
counters. 

(xvii)  Can  the  First  Phase  of  the  Development  of 
the  Trypanosomes,  namely,  the  Intra-Cellular 
Multiplication  in  the  Stomach  of  the  Flea 
continue  beyond  the  Second  Feed  of  the  Flea 
(counting  as  the  First  Feed  that  by  which  it 
became  infected)  ? 

With  regard  to  this  point,  it  should  first  be  made  quite 
clear  that  our  observations  on  fleas  examined  during  early 
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periods  of  the  development  show  conclusively  that  the  try- 
panosomes  may  have  disappeared  from  the  stomach,  and  the 
rectal-phase  may  be  well  started,  even  so  early  as  18,  24,  or 
36  hours  after  the  first  feed.i  A  very  clear  case  of  this  is 
the  stomach  mentioned  above  (p.  555),  in  which  the  infection 
was  thirty-six  hours  old,  and  whicb  was  examined  after  being 
cut  into  a  series  of  sections ;  no  ti'ypanosomes  of  any  kind 
were  found  in  the  stomach,  but  immediately  behind  the 
pylorus  were  two  attached  clumps  of  quite  normal  crithidial 
type.  On  the  other  hand,  in  fleas  not  fed  again  after  the 
infective  feed  we  have  found  normal  forms  of  the  stomach- 
phase  as  late  as  three,  four,  or  even  five  days  after  the  first 
feed.  From  such  observations  it  is  evident  that  the  stomach- 
phase  is  of  very  variable  duration,  for  some  reason,  and  that 
in  some  cases  it  is  ended-  long  before  the  time  when  the  flea 
would,  under  natural  conditions,  feed  again,  while  in  other 
cases  it  pei'sists  at  least  up  to  this  time. 

The  question,  therefore,  is  not,  "  Does  the  stomach-phase 
continue  beyond  the  second  feed  ?  "  (since  it  is  certain  that  it 
is  very  often  ended  before  the  second  feed),  but  ^' Can  it  do 
so  ? "  and  with  regard  to  the  question  so  posed  it  must  be 
pointed  out  that  a  single  clear  instance  of  the  stomach-phase 
persisting  beyond  the  second  flea  would  sufiice  to  give  an 
answer  in  the  afiirmative  with   certainty;  but  so  long  as  the 

1  "We  do  not  refer  to  those  cases  in  which  the  trypanosomes  had  dis- 
appeared from  the  stomach  by  degeneration,  and  in  which  the 
rectum  was  either  empty  or  contained  only  degenerative  forms ;  but 
only  to  those  cases  in  which  the  presence  of  true  crithidial  forms  in  the 
intestine  or  rectum  showed  that  the  development  of  the  trypanosome 
was  following  its  normal  course. 

-  Assuming,  that  is,  that  the  intracellular  multiplication  is  an 
essential  part  of,  and  takes  place  invariably  in,  the  normal  develop- 
ment of  T.  lewisi;  we  believe  this  to  be  the  case,  but  we  are  imable 
to  assert  that  it  is  so.  It  is  at  least  within  the  bounds  of  possi- 
bility that  the  development  may  take  occasionally  a  short  cut,  that 
is  to  say,  that  the  trypanosomes  may  pass  on  to  the  rectum,  and 
there  establish  the  normal  crithidial  phase  without  undergoing  intra- 
cellular multiplication  in  the  stomach. 
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answer  is  in  the  negative,  it  cannot  be  regarded  as  certain, 
but  only  as  possessing  a  greater  or  less  degree  of  probability. 

In  order  to  test  this  point  we  fed  batches  of  fleas  on  infected 
rats  and  then  divided  each  such  batch  usually  into  two  batches, 
A  and  B.  Batch  A  in  each  such  case  was  kept  starved  until 
it  was  examined  ;  batch  B  was  fed  again  before  being 
examined.  In  cases  where  fleas  of  batch  B  were  found  on 
examination  not  to  have  availed  themselves  of  the  chance  of 
feeding,  they  were  reckoned  in  batch  A.  Sometimes  the 
original  batch  was  not  divided,  but  treated  as  a  whole  either 
as  an  "  A  "  (not  re-fed)  or  "  B  "  (re-fed)  batch. 

The  results  of  these  experiments  are  tabulated  in  Table  M, 
which  seems  at  first  sight  decidedly  in  favour  of  the  conclu- 
sion that  the  trypanosoraes  cannot  persist  beyond  the  second 
feed  of  the  flea.  It  is  seen  that  in  forty-nine  fleas  not  fed 
again  after  the  infective  feed,  trypanosomes  were  present  in 
twenty  cases ;  in  thirteen  of  the  cases  the  trypanosomes  were 
of  the  long  stomach  type  and  in  eight  cases  intracellular  forms 
were  seen.  On  the  other  hand,  in  thirty-two  fleas  examined 
after  having  been  fed  a  second  time,  the  typical  multiplicative 
stomach-phase  was  not  present  in  a  single  instance.  Unfor- 
tunately, the  force  of  these  figures  is  rather  weakened  by  the 
fact  that,  of  the  fleas  fed  a  second  time  it  can  only  be  asserted 
positively  in  seven  cases  that  the  rectum  contained  true 
developmental  crithidial  forms  and  that  the  developmental 
cycle  was  in  these  cases  a  "  going  concern,^^  so  to  speak. 
While  the  figures  make  it  probable,  to  a  certain  degree,  that 
the  stomach-phase,  if  it  persists  up  to  the  time  of  the  second 
feed,  must  come  to  an  end  then,  this  conclusion  cannot  be 
considered  established  and  must  remain  a  point  for  further 
investigation. 

If  it  be  true  that  the  stomach-phase  cannot  persist  beyond 
the  second  feed,  we  may  enquire  how  such  a  result  is  brought 
about.  It  is  intelligible  that  a  fresh  meal  of  blood  might 
sweep  on  all  free,  extracellular  trypanosomes  from  the 
stomach  towards  the  rectum,  but  this  would  not  account  for 
the    disappearance  of  the  intracellular   forms.     It  has  been 
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mentioned  above  that  in  some  insects  the  epithelium  of 
the  mid-gut  is  regenerated  completely  after  each  meal,  and 
we  stated  further  that  we  were  not  in  a  position  either  to 
affirm  or  to  deny  that,  in  the  case  of  the  flea,  the  regeneration 
of  the  stomach-epithelium  takes  place  in  regular  correlation 
with  the  feeding.  If  it  were  so,  howevei",  it  would  become 
quite  intelligible  why  a  second  feed  should  put  an  end  to  the 
iuti-acellular  multiplication  in  the  stomach. 

(xviii)  Starvation  of  the  Flea  during  the  Incuba- 
tion Period  of  the  Cycle  does  not  inhibit,  nor 
does  it  necessarily  retard,  the  Developmental 
Cycle  of  the  Trypanosome   in  the  Flea. 

Experiment  45. — A  batch  of  about  250  clean  fleas,  having  been 
collected  from  the  non-infected  breeding-cage  and  kept  hungry  for  three 
days,  were  put  (22  :  vii :  '13)  on  a  well-infected  rat,  for  about  twenty-four 
Lours.  The  next  day  150  of  the  fleas  were  recovered  and  kept  in  a  flask 
containing  some  damjj  sand. 

Two  days  later  (25  :  vii),  thirty  of  these  150  fleas  in  the  flask  were  put 
into  a  freshly-prepared  l)ell-jar  A  with  a  clean  rat  368.  The  next  day 
(26:  vii)  rat  368  was  removed  from  bell-jar  A,  all  the  fleas  on  it  being 
cleaned  off  carefully  and  put  back  into  the  bell-jar.  Rat  368,  examined 
regularly  up  to  26 :  viii,  did  not  become  infected. 

Two  days  later  (28  :  vii),  clean  rat  368a  was  put  into  bell-jar  A,  con- 
taining the  fleas  that  had  been  in  contact  with  rat  368.  On  the  same 
day,  thirty  more  fleas  from  the  flask  were  put  into  bell-jar  B  with  clean 
rat  369 ;  another  thirty  in  bell- jar  C  with  clean  rat  370  ;  and  another 
thirty  in  bell-jar  D  -wath  clean  rat  371.  It  will  be  remembered  that  the 
fleas  in  the  flask  had  been  exposed  to  infection  for  one  day  (22-23 :  vii), 
and  kept  without  food  since  then ;  consequently,  bell-jars  B,  C,  and  D 
were  colonised  each  with  thirty  fleas  that  had  l)een  exposed  to  infection 
between  five  and  six  days  previously  and  starved  since  then. 

The  next  day  (29:  vii),  rat  368a  was  removed  from  bell-jar  A  and  all 
fleas  recovered  from  it  put  back  into  the  bell-jar.  Rat  368a  did  not 
acquire  infection.  The  same  day  rats  369,  370,  and  371  were  removed 
from  bell- jars  B,  C,  and  D.  all  fleas  being  recovered  from  them  and  put 
back  into  the  respective  l:)ell-jars.  Rats  369  and  370  did  not  become 
infected ;  i-at  371,  on  the  other  hand,  became  infected  in  due  coui-se  (see 
Table  C,  p.  616). 

Two  days  later  (31 :  vii),  rat  368b  was  put  into  bell-jar  A,  rat  369a 
into  bell- jar  B,  rat  370a  into  bell- jar  C,  and  rat  371a  into  bell- jar  D. 
VOL.   60,   PART  4. NEW    SERIES.  46 
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The  next  day  (1 :  viii).  rats  369a,  370a  and  371a  were  removed  from  tlie 
bell-jars  B.  C.  and  D,  and  the  fleas  on  them  carefully  recovered  and  put 
back  into  their  respective  bell-jars.  Rat  368b  was  left  in  bell-jar  A.  In 
the  sequel  rats  368b,  369a,  and  370a  did  not  become  infected  ;  rat  371a 
showed  infection  in  due  course. 

Two  days  later  (3 :  viii),  clean  rats  369b,  370b  and  371b  were  placed  in 
liell-jars  B.  C,  and  D,  and  left  in  till  they  should  become  infected.  Rat 
369b  did  not  become  infected ;  rats  370b  and  371b  became  infected  in 
due  course. 

The  results  of  tlie  experiment  may  be  summarised  in  the 
following  manner.  We  start  with  four  batches  (A,  B,  C,  D), 
each  of  thirty  fleas,  which  had  been  exposed  to  infection  on 
the  same  rat  for  one  day  (22  :  vii  to  23  :  vii). 

(1)  Batch  A  (bell-jar  A)  : 

Put  on  rat  368  from  25  :  vii  to  26  :  vii  (about  three  days 
after  exposure  to  infection) ;  result  negative. 

Put  on  rat  368a  from  28  :  vii  to  29  :  vii  (about  six  days  after 
exposure  to  infection)  ;  result  negative. 

Put  on  rat  368b,  31  :  vii  (about  nine  days  after  exposure  to 
infection),  and  left  on  the  rat  ;  result  negative. 

This  batch  therefore  did  not  become  infective  at  all. 

(2)  Batch  B  (bell-jar  B)  : 

Starved  for  five  days  (23  :  vii  to  28  :  vii),  then  put  on  rat 
369  from  28  :  vii  to  29  :  vii  (about  six  days  after  exposure  to 
infection) ;  result  negative. 

Put  on  rat  369a  from  31  :  vii  to  1  :  viii  (about  nine  days 
after  exposure  to  infection)  ;  result  negative. 

Left  in  Avith  rat  369b  on  3  :  viii ;  result  negative. 

This  batch  therefore  did  not  become  infective  at  all. 

(3)  Batch  C  (bell-jar  C)  : 

Starved  for  five  days,  then  put  on  rat  370  from  28  :  vii  to 
29  :  vii  (about  six  daj^s  after  exposure  to  infection)  ;  result 
negative. 

Put  on  rat  370a  from  31  :  vii  to  1 :  viii  (about  nine  days  after 
exposure  to  infection) ;  result  negative. 

Left  in  with  rat  370b  on  3  :  viii;  result  positive  (the 
examinations  of  the  rat  indicate  that  infection  took  place 
between  4  :  viii  and  7  :  viii). 
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This  batch  therefore  became  infeiitive. 

(4)   Batch  D  (bell-jar  D)  : 

Starved  for  five  days,  then  put  on  rat  371  from  28  :  vii  to 
29  :  vii  (about  six  days  after  exposure  to  infection) ;  result 
positive. 

Put  on  rat  371a  from  31  :  vii  to  1  :  viii  (about  nine  days 
after  exposure  to  infection) ;  result  positive. 

Left  in  with  rat  371a  on  3  :  viii;  result  positive. 

Tbis  batch  evidently  became  strongly  infective. 

Remarks. — From  the  above  summary  it  is  seen  that 
batch  A  (not  starved)  and  batch  B  (starved)  failed  to  become 
infective,  while  batches  C  and  D  (both  starved)  became 
infective. 

Batch  C  did  not  produce  its  first  infection  before  3  :  viii ; 
that  is  to  say  not  until  eleven  or  twelve  days,  at  least,  after 
exposure  of  the  fleas  to  infection.  It  is  not  legitimate,  how- 
ever, to  conclude  from  this  that  the  developmental  cycle  of 
the  trypanosome  was  retarded,  since  it  has  been  shown  above 
that  infective  fleas  often  fail  to  infect.  The  fleas  may  very 
well  have  been  infective  when  placed  in  contact  with  rats  370 
and  370a,  but  they  were  in  contact  with  these  rats  for  only 
about  twenty-four  hours.  The  most  probable  explanation  for 
the  two  failures  to  infect  is  that  only  a  small  number  of  fleas 
in  this  batch  were  infective. 

Batch  D  produced  its  first  infection  between  28  :  vii  and 
29  :  vii,  and  since  it  was  exposed  to  infection  between  22  :  vii 
and  23  :  vii  it  follows  from  these  figures  that  the  incubation- 
period — that  is  to  say,  the  length  of  time  taken  by  the 
developmental  cycle  of  the  trypanosomes — must  have  been 
between  five  and  seven  days.  We  are  justified  therefore  in 
concluding  that  the  trypanosomes  in  this  batch  went  through 
a  cycle  of  perfectly  normal  duration.  The  further  fact  that 
this  batch  never  failed  to  produce  infection  during  the  time 
the  experiment  was  carried  on,  indicates  that  the  trypanosomes 
went  through  their  cycle  and  established  themselves  success- 
fully in  a  relatively  large  number  of  the  fleas. 

To  conclude  :  Batches  C  and  D  show  that  starvation  of  the 
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flea«5  clnrin^  the  incubation-period  does  not  inhibit  the  develop- 
ment of  the  trypanosomes  ;  and  batch  D  shows  further  that 
the  development  is  not  necessarily  retarded  by  starvation. 

(xix)   Starvation  of  the  Flea  following  immediately 
on    an   Infective   Feed   favours   the   Establish- 
ment of  the  Haptoraonad  Phase  in  the  Eectum, 
while    Starvation  begun   after  the  Incubation- 
Period  in   the  Flea  is   over    favours    Migration 
to    the    Post-Pyloric    End    of    the  Intestine    and 
the    Establishment  of  the    Haptomonad   Phase 
there. 
Experiments  49  and  50  were  carried  out  with  the  object  of 
ascertaining  what  effect,  if  any,  varying  food-conditions  might 
have  on  the  incidence  and  location  of  the  established  hapto- 
monad phase  in  the  flea's  gut. 

Experiment  49.— 21  :  iii  :  '14.— A  number  of  fleas  collected  from 
the  nr.n-infected  breeding-cage  two  days  previously  were  put  into  a 
bell-iar  with  a  well-infected  rat  at  eight  a.m..  and  were  recovered  agam 
at  twelve  noon.  They  were  then  divided  into  two  batches.  Batch  A 
consisting  of  fifteen  fleas,  was  put  into  a  flask  with  moist  sand  at 
the  bottom.    Batch  B  (about  forty  fleas)  was  put  into  a  bell-jar  with 

a  clean  rat  (rat  477).  ,.        .   j 

26  :  iii  :  '14.-Five  fleas  of  batch  A  and  four  of  batch  B  were  dissected 

and  examined.  ^p^^i     n  -i.-  „ 

Of  batch  A  four  were  positive,  one  was  negative.  Of  the  four  positive 
three  showed  developing  forms  of  the  trypanosomes  m  both  the 
stomach  and  the  rectum.  Two  of  the  three  showed  large  numbers  m 
both  stomach  and  rectum,  and  in  one  of  the  stomachs  intracellular 
forms  were  found.     The  fourth  positive  showed  a  haptomonad  infection 

in  the  rectum.  , 

Of  batch  B  only  one  of  the  four  dissected  showed  ti-ypanosomes.  and 

these  were  found  free  in  the  stomach- slide. 

27  :  iii  :  '14.-Eight  fleas  of  batch  A  and  eight  of  batch  B  were 
dissected  and  examined. 

Of  batch  A  seven  were  positive ;  one  was  negative.  Ot  the  seven 
positive  one  showed  long  active  forms  in  the  stomach  and  haptomonads 
in  the  rectum,  while  six  showed  developing  forms  in  the  rectum  only- 
three   scanty   and  three  in  fair  numbers  attached  mostly  round  the 
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rectal  sui-face  of  the  projecting  intestine,  but  in  other  parts  as  well. 
Of  batch  B  only  one  was  found  infected,  and  it  showed  haptomonads 
attached  aboi;t  the  middle  region  of  the  rectum. 

The  remaining  fleas  of  batch  B  were  now  divided  into  two  batches — 
batch  Al  and  batch  Bl.  Batch  Al,  consisting  of  fifteen  fleas,  was  put 
into  a  flask  -svith  moist  sand  at  the  bottom,  and  batch  Bl  was  left  in  the 
bell-jar  with  rat  477. 

4  :  iv  :  '14. — Rat  477  was  removed  from  the  bell-jar  and  clean  rat  478 
was  put  in  its  place  with  batch  Bl. 

Four  fleas  of  batch  Al  and  four  of  batch  Bl  wei"e  dissected  and 
examined. 

Of  batch  Al  three  were  positive  and  one  was  negative.  Of  the  three 
positive  two  showed  trypanosomes  in  abundance  in  the  post-pyloric 
region  of  the  intestine  and  nowhere  else.  In  these  the  tiypanosomes 
were  long  and  slender,  and  some  were  club-shaped ;  while  in  a  third, 
which  showed  one  or  two  in  the  rectum  also,  there  was  a  swanning  in- 
fection of  haptomonads,  as  well  as  long,  slender  and  club-shaped  forms 
in  the  i)ost-pyloric  region.     The  fom-th  flea  was  negative. 

Of  batch  Bl  all  were  negative. 

The  remaining  fleas  of  batch  Al  were  now  allowed  to  feed  on  a  clean 
rat  for  a  short  time, 

9  :  iv  :  "14.— Five  fleas  of  batch  Al  and  four  of  batch  Bl  were  dis- 
sected and  examined. 

Of  batch  Al  only  one  flea  was  positive,  and  it  showed  a  fair  number 
of  slender  trypanosomes  in  the  post-pyloric  region  and  nowhere  else. 
Of  batch  Bl  all  were  negative. 

11  :  iv  :  '14. — The  remaining  fleas  of  batch  Al  were  allowed  to  feed  on 
a  clean  rat  for  a  short  time. 

16  :  iv  :  '14. — Five  fleas  of  Ijiitch  Al  and  five  of  batch  Bl  were  dis- 
sected and  examined. 

Of  batch  Al  two  were  positive  and  three  were  negative.  The  two 
positives  showed  large  numbers  of  tiypanosomes,  some  free,  long  and 
active,  some  club-shaped,  and  others  were  small,  i-ound  and  pear-shaped, 
in  clumps  and  attached  so  as  to  form  a  lining  to  the  wall  of  the  gut. 
All  were  in  the  post-pyloric  region  and  nowhere  else.  Of  batch  Bl 
all  five  were  negative. 

Rat  477  became  infected  in  due  coui-se.  Rat  478  never  became 
infected.     This  agi-ees  with  results  of  the  examinations. 

Experiment  50. — 20  :  v  :  '14. — A  number  of  fleas  collected  from  the 
non-infected  breeding-cage  two  days  previously  wei-e  put  into  a  bell- jar 
with  a  well-infected  rat  late  in  the  evening,  were  left  overnight,  and 
wei'e  recovered  next  morning.  They  were  then  divided  into  two 
batches.     Batch  A  was  kept  in  a  flask  with  moist  sand  at  the  bottom. 
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Batch  B  was  put  into  a  freshly-prepared  bell-jar  -with  a  clean  rat  (rat 
496). 

26  :  T  :  '14. — Fire  fleas  of  batch  A  and  five  of  batch  B  were  dissected 
and  examined. 

Of  batch  A  three  were  positive  and  two  were  negative.  Of  the  three 
positive  two  showed  haptomonads  in  the  rectum,  one  being  a  swarming 
infection,  and  the  third  showed  many  long,  active  fonns  in  the  post- 
pyloric region  only. 

Of  batch  B  all  were  negative. 

28  :  V  :  '14. — Seven  fleas  of  batch  A  and  seven  of  batch  B  were 
dissected  and  examined. 

Of  batch  A  five  were  positive  and  two  were  negative.  Of  the  five 
positive  four  showed  developing  fonns  in  the  rectum  only,  and  of  these 
two  were  swaiTuing  infections.  The  fifth  showed  haptomonad  infection 
of  the  rectum,  and  also  free  active  forms  in  the  stomach. 

Of  batch  B  only  one  of  the  seven  was  positive,  and  it  showed  a 
scanty  infection  of  the  rectum  only. 

The  remaining  fleas  of  batch  B  were  now  divided  into  two  batches — 
batch  Al  and  batch  Bl.  Batch  Al  was  put  into  a  flask  with  moist 
sand  in  the  bottom.  Batch  Bl  was  put  into  a  bell- jar  with  a  clean  rat 
(rat  497). 

2  :  vi  :  '14. — Foiirteen  fleas  of  batch  Al  and  foiu-teen  of  batch  Bl 
were  dissected  and  examined. 

Of  batch  Al  four  were  positive  and  ten  were  negative.  Of  the  four 
positives  one  showed  haptomonads  on  the  rectal  surface  of  the  project- 
ing intestine  and  three  showed  trypanosomes  (one  swarming)  in  the 
post-pyloric  region  and  nowhere  else. 

Of  batch  Bl  five  were  positive  and  nine  were  negative.  Of  the  five 
positives  one  which  had  its  stomach  full  of  red  blood  showed  a  scanty 
infection  in  the  rectum  only.  The  other  four  showed  infection  in  the 
post-pylo  ric  regions  only.  Of  these  two  (females)  had  small  ova  and 
their  stomachs  were  empty.  The  remaining  two  had  a  fair  quantity  of 
brownish-coloured  blood-debris  in  their  stomachs.  Rats  496  and  497 
became  infected  in  due  course. 


Summary. 

A. — Fleas  staiwed  from  immediately  after  the  infective  feed,  dissected 
and  examined  five  and  six  days  after  the  infective  feed. 
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No.  of  ex- 
periment. 

Xumber  of 
fleas  exa- 
mined. 

Number 
infected. 

Site  of  infection. 

1 
Remarks. 

1 

49 

13 

11 

Stomacli  and 

rectum,  4 ; 
rectum  only.  7 

Intracellular  forms 

in  one  stomach 
3  scanty.  4  swarming 
— infections  mostly  in 
upper  part  of  rectum 

5(J 

12 

8 

Stomacli  and 

rectum,  1 ; 

rectum  only,  6 ; 

post-pyloric  only,  1 

3  scanty  and  3  swarm- 
ing 

B. — Fleaslthat  were  put  into  bell-jar  immediately  after  the  infective 
feed,  along  with  clean  rat,  on  which  they  could  feed  at  any  time.  Dis- 
sected and  examined  five  and  six  days  after  the  infective  feed. 


No.  of  ex- 
periment. 

Number  of 
fleas  exa- 
mined. 

Number    1         site  of  infection, 
mfected.  | 

1 

Remarks. 

49 
50 

12 
12 

2           Stomach  only,  1 
Rectum  only,  1 

1 
1       '      Rectum  only,  1 

i 

Haptomonad    infec-  ' 
tion    in    middle 
region. 

Al. — Fleas  in  which  starvation  was  begun  six  days  after  the  infective 

feed.     During  the  six  days  the  fleas  had  been  fed  on  clean  rats.     Those 

of  Experiment  49  were  dissected  and  examined  fourteen,  nineteen,  and 

twenty-six  days  after  the  infective  feed.     Those  of  Expenment  50  were 

dissected  and  examined  thirteen  days  after  the  infective  feed. 


^o..ofex.-^g>^J'|^^'^f    '^?"!^,"             Site  of  infection, 
permnent.  ,     mjued        infected. 

Remarks. 

49 
50 

14 
14 

6 
4 

Post-pyloric  only,  5; 

post-pyloric     and 

rectum.  1 
Rectum     only,     1 ; 

post-pyloric  only, 

3 

Swarming  haptomo- 
nad infection  in  2. 

Pile  carpet  infection 
upper  part ;  swai-m- 
ing  haptomonad  in- 
fection in  1. 
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Bl. — Fleas  kept  with  clean  rats  in  bell-jar  ever  since  the  infective 
feed.     Dissected  and  examined  as  in  Al. 


No.  of  ex- 
periment. 

1 

Numlier  of 
fleas  exa- 
mined. 

Number 
infected. 

Site  of  infection. 

1 

1 

Remarks. 

49 
50 

13 
14 

0 

5 

Rectum    only.    1 ; 
post-pyloric  only, 
4 

Stomach  full  of  red 
blood;     *  stomach 
empty    and    ova 
small  in  2 ;  stomach 
contained  fair  quan- 
tity of  blood-debris 
in  2. 

These  results  seem  to  throw  light  on  the  important  function 
that  the  nectomonad  forms  described  as  occurring  in  the 
established  rectal-phase  may  have  in  maintaining  the  infec- 
tion in  the  flea.  The  optimum  food-conditions  for  the 
establishment  of  the  haptomonad  stage  seem  to  lie  some- 
where between  abundance  and  poverty,  and  between  partial 
and  complete  digestion  of  the  blood-supply.     More  extended 

'  Although  the  fleas  of  batches  B  and  Bl  in  both  experiments  had 
the  chance  of  feeding  on  clean  rats  at  any  time  from  immediately  after 
the  infective  feed  onwards,  all  may  not  have  equally  availed  themselves 
of  the  opportunity.  It  is  certain,  in  fact,  from  the  condition  of  the  ova 
and  of  the  stomachs  of  two  females  of  batch  Bl  that  showed  post- 
pyloric infection,  that  they,  for  some  reason  not  ascertained,  had 
starved  in  the  midst  of  plenty ;  and  these  should  really  be  transfeired 
to  batch  Al.  The  remaining  two  fleas  of  batch  Bl  that  showed  post- 
pyloric infection  had  evidently  fed,  but  not  quite  recently.  The  other 
infected  flea  of  batch  Bl  had  its  stomach  distended  with  red  blood,  and 
in  it  the  infection  was  in  the  rectum  only. 

In  order  to  test  the  infectivity  of  batches  Al  and  Bl  in  Experiment  oO, 
twelve  fleas  of  each  batch  were  put  on  clean  rats,  two  fleas  to  each  clean 
rat.  The  result  was  that  two  of  the  six  rats  belonging  to  batch  Al  became 
infected,  while  none  of  the  six  belonging  to  batch  Bl  became  infected. 
This  may  indicate  that  a  period  of  starvation  heightens  the  infectivity 
of  infected  fleas,  perhaps  by  inducing  increased  production  of  the  final 
propagative  forms  of  the  cycle ;  but  further  experiments  would  be 
required  to  justify  such  a  deduction. 
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and  varied  observations  are  required,  but  so  far  as  tliese 
experiments  go  tbey  show  that  the  incidence,  location,  and 
continued  existence  of  the  haptomonad  stage  in  the  flea's  gut 
depend  to  a  large  extent  on  the  food-supply.  When,  under 
conditions  of  partial  starvation,  a  sufficient  supply  of  nourish- 
ment cannot  be  obtained  in  the  rectum,  the  haptomonad  stage, 
if  established  there,  would  die  out,  and  the  flea  would  lose  its 
infection  were  it  not  that  the  nectomonads  produced  in  the 
rectum  migrate  forwards  and  re-establish  this  stage  nearer  to 
the  food-supply.  In  like  manner  it  may  be  assumed  that 
when  the  food-supply  in  the  post-pyloric  end  of  the 
intestine  becomes  continuously  too  rich  and  abundant,  the 
nectomonads  produced  there  migrate  backwards  to  the  rectum 
and  so  the  balance  is  maintained  and  the  infection  in  the  flea 
is  kept  up. 

Lister  Institute, 
June,  1914. 
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DESCRIPTION   OF   PLATES   36  to  45, 

Illustrating  Mr.  E.  A.  Miucliiu  and  Dr.  J.  D.  Thomson's 
paper  on  "The  Rat-Try  panosome,  Trypanosoma 
lewisij  in  its  Relation  to  the  Rat-Flea,  Cerato- 
phyllus  fasciatus." 

(In  all  cases  where  the  age  of  a  trypanosome  is  stated,  it  is  to  he 
understood  as  reckoned  from  the  first  infective  feed  of  the  flea,  or,  in 
cases  where  the  fleas  were  left  on  the  infected  rat  for  some  days,  from 
the  time  when  the  fleas  were  first  given  the  chance  of  feeding  on  it.) 

PLATE   36. 

[Various  stages  of  the  stomach-phase  in  film-preparations  fixed  with 
osmic  vapour  and  stained  with  Giemsa's  stain ;  drawn  with  the  camera 
lucida  at  a  magnification  of  3000.] 

Figs.  1-12. — Free  (extracellular)  trypanosomes. 

Figs.  1  and  2. — Six  hours;  fig.  1,  practically  unmodified;  fig.  2, 
slightly  modified  in  stx'ucture. 

Figs.  3  and  4 — Twelve  hours. 

Figs.  5  and  6. — Eighteen  hours. 

Figs.  7-10. — Twenty -four  hours. 

Figs.  11  and  12. — Forms  of  crithidial  structure  from  an  abnormal 
flea  (see  p.  519)  ;  fig.  11,  a  free  specimen ;  fig.  12,  a  couj)le  adhering 
together. 

Figs.  13-17. — Recurved  forms. 

Figs.  13,  14. — Twelve  hours  ;  both  from  the  same  preparation,  but  14 
s  flattened  out  by  having  dried  up  before  fixation,  while  13  is  normal. 

Figs.  15-17. — Twenty-four  hom-s. 

Figs.  18-20. — Forms  in  which  the  multiplication  of  the  nuclei  have 
begun  without  the  typanosomes  having  assumed  the  recurved  form  (or 
perhaps  forms  which  have  straightened  themselves  out  again  second- 
arily) ;  twenty-four  hours,  all  from  the  same  preparation.  In  fig.  19 
the  trypanosome  is  enclosed  in  the  remains  of  the  host-ceU. 

Figs.  21-23. — Rolled-up  forms  with  2  nn  and  2  NN  each ;  from  the 
same  preparation  as  the  preceding. 
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Figs.  24-29. — Rolled-up  forms  with  n  and  N  still  single,  in  27  begin- 
ning to  divide.  Figs.  24  and  25  are  from  the  same  preparation  as  the 
preceding ;  figs.  26-29  are  also  twenty-four  hours  ;  the  specimen  in 
fig.  26  is  evidently  enlarged  artificially  by  having  dried  before  fixation. 

Figs.  30-37. — Multiplication  of  nuclei  to  2  or  3  nn  and  2  NN. 

Fig.  38. — Small  sphere  with  4  nn  and  4  NN. 

Fig.  39.— Stage  with  3  nn  and  2  NN.  N.B.— Figs.  35-39  are  aU  from 
the  same  preparation,  showing  the  intense  staining  and  consequent 
oj^acity  of  the  body  characteristic  of  the  intracellular  stages  ;  only  the 
principal  flagella  can  be  made  out  clearly,  the  daughter-flagella  being 
scarcely,  or  not  at  all.  visible.     Twenty-four  hours. 

Fig.  40. — Sphere  with  3  nn  and  3  NN,  from  the  same  preparation  as 
fig.  26 ;  evidently  enlarged  by  flattening  due  to  drying.  Twenty-four 
hours. 

Fig.  41. — A  large  sphere  containing  13  nn  and  13  NN,  and  two 
others  ;  the  stain  is  over-extracted  and  the  flagella  are  not  seen.  These 
specimens  are  from  the  same  stomach  as  figs.  88-94  on  pi.  37,  in  all  of 
which  flagella  are  plainly  seen.     Thirty-six  hours. 

Fig.  42. — Two  very  large  tailed  spheres  from  the  same  preparation  as 
figs.  18-25,  30,  33.  34 :  the  flagella  cannot  be  made  out.  Twenty-four 
hours. 

Figs.  43-46. — Small  rolled-up  forms,  possibly  in  process  of  degenera- 
tion, from  the  same  preparation  as  the  last. 

PLATE   37. 

[Various  stages  of  the  stomach-phase  from  films  preserved  in  sub- 
limate mixtures — sublimate-acetic,  Schaudinn's  fluid,  or  Maier's  fluid — 
and  stained  with  iron-hsematoxylin,  drawn  with  the  camera  lucida  at 
a  magnification  of  3000.] 

Figs.  47-68. — Free  (extracellular)  trypanosomes,  except  58  and  59. 

Figs.  47,  48. — Six  hours ;  fig.  47,  quite  unmodified ;  fig.  47,  slightly 
modified. 

Fig.  49. — Eighteen  hours. 

Figs.  50-55. — Twenty-fom-  hours. 

Figs.  56-59. — Three  days,  all  from  the  same  preparation.  Figs.  58 
and  59  are  evidently  early  stages  of  the  intracellular  mtdtiplication. 

Fig.  60. — Four  days. 

Figs.  61-68. — From  an  abnormal  flea  taken  from  the  infected  breed- 
ing cage  (see  p.  519).  Every  possible  grade  of  transition  occurs  in  the 
prepai-ation  from  quite  ordinary  forms,  such  as  fig.  61,  to  large  crithidial 
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forms,  sucli  as  fig.  66.  and  of  the  latter  some  occur  in  couples  adhering 
together,  as  in  figs.  67  and  68. 

Fifs.  69-73. — Reciii-ved  forms,  twenty-four  hours  ;  in  the  specimen 
shown  in  fig.  72  the  flagellum  appears  to  have  become  torn  away  from 
the  body. 

Fig.  74. — First  division  of  n  in  a  rolled-up  form. 

Fig.  75. — Recurved  form  with  2  nn  and  2  NN ;  foi-ty-eight  houi's. 

Figs.  76.— A  rolled-up  form  in  which  the  flagellum  has  become  un- 
twisted from  the  body  :  from  the  same  preparation  as  the  last. 

Ficfs.  77,  78. — Two  rolled-up  forms  from  the  same  preparation, 
twenty-four  hours. 

Figs.  79-81. — Twenty-four  hours,  all  from  the  same  preparation; 
fig.  79,  n  divided,  daughter-flagellum  arising.  N  beginning  to  divide ; 
figs.  80  and  81,  similar  stages. 

Figs.  82-86. — Twenty-four  hours,  all  from  the  same  ju-epai-ation ; 
figs.  82,  83.  each  2  nn.  1  N;  fig.  85.  2  nn.  2  NN ;  fig.  84,  3  nn,  2  NN; 
fig.  86,  tailed  sphere  with  8  nn,  8  NN. 

Fig.  87. — Recurved  form,  twenty-four  hours. 

Figs.  88-94. — Various  stages,  all  from  the  same  preparation  and  from 
the  same  flea  as  fig.  41  on  PL  36.     Thirty-six  hours. 

Fig.  95. — Small  sphere  with  3  nn  and  3  NN;  twenty-four  hours. 

Fig.  96. — Large,  nearly  ripe  sphere  containing  about  ten  trypano- 
somes,  shown  also  in  the  photograph  on  PI.  4i,  fig.  318 ;  forty-eight 
hours. 

PLATE   38. 

[Epithelial  cells  of  the  stomach  and  stages  of  the  stomach-phase 
from  sections  of  the  flea's  stomach,  stained  with  Giemsa's  stain  (with 
the  exception  of  figs.  260  a,  261a,  262  a.  263  a,  and  264,  for  which  see 
description  of  PL  42).  Figs.  99-103  were  fixed  with  Flemming's  fluid, 
but  all  the  rest  were  fixed  with  Maier's  fluid.  Drawn  with  the  camera 
lucida  at  a  magnification  of  2000.] 

Figs.  97,  98. — Epithelial  cells ;  fig.  97  shows  a  cell  in  the  columnar 
foiTa  ;  fig.  98  a  flattened  cell  with,  just  beneath  the  border,  a  layer  of 
gi-anules  staining  quite  difBerently  from  the  blood-debris  externally. 

Figs.  99-103. — Vai-ious  details  of  the  cells  after  Flemming-fixation  ; 
fig.  99,  red-staining  grains  in  the  upper  end  of  the  cell ;  fig.  100,  red- 
staining  grains  mixed  with  osmic-blackened  (fatty)  grains  ;  fig.  101.  cell 
comparatively  free  from  granules ;  fig.  102,  pseudosphere  in  the  upper 
end  of  a  cell ;  fig.  103,  two  "  yellow  bodies  "  in  the  upper  end  of  a  ceU. 
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Fig.  104. — Portion  of  the  epithelium  clcse  to  a  crypt  of  regeneration, 
showing  a  recurved  trypanosome  attached  to  an  epithelial  cell  and  a 
fcrypanosome  of  ordinaiy  type  free  in  the  debris  close  by.  Twenty-four 
hours. 

Fig.  105.— Section  shaving  the  side  of  an  epithelial  cell  obliquely, 
showing  a  trypanosome  of  ordinary  appearance  attached  to  it.  Twenty- 
four  hours. 

Fig.  106. — Stout  form  of  tiypanosome  free  in  the  debris.  Twenty- 
four  hours. 

Fig.  107. — Recm-ved  tiypanosome  within  a  cell.     Twenty-four  hours. 

Fig.  108. — Tailed  sphere  within  a  cell,  also  two  smaller  spheres  and 
a  portion  of  a  trypanosome  cut  across ;  the  nucleus  of  the  cell  does  not 
come  into  the  section.     Twenty -four  hom*s. 

Fig.  109. — Portion  of  the  epithelium  showing  a  very  large  tailed 
sphere,  three  smaller  ones  and  a  nucleus  (N) ;  the  cells  are  much 
exhausted.     Twenty-foiu-  hours. 

Fig.  110. — Section  of  a  cell  (not  passing  through  the  nucleus)  showing 
a  large  tailed  sphere  and  fragments  of  three  smaller  ones.  Twenty- 
four  hours. 

Fig.  111.— A  large  tailed  sphere  and  a  slice  of  a  smaller  one,  in  a  cell 
near  the  nucleus  (N).     Twenty-four  hom-s. 

Fig.  112.— Numerous  multiplication-stages  in  a  partly  broken-down 
cell  of  flattened  type,  and  a  cell  nucleus  (JST).     Twenty-four  hours. 

Fig.  113.— Six  spheres  in  a  broken-do^ni  cell  cast  off  into  the  blood- 
debris.     Twenty-four  hours. 

Figs.  114-116. — Three  figxires  drawn  from  the  same  slide.  Fig.  114. 
exhausted  cell  filled  -ndth  trypanosomes ;  fig.  115,  a  large  sphere  ripe 
for  breaking  up  into  a  mass  of  trypanosomes  as  in  the  last ;  fig.  116, 
large  sphere.  The  preparation  was  over-extracted  and  does  not  show 
the  flagella.     Twenty-fom-  hom-s. 

PLATE   .39. 

[Stages  of  the  stomach-phase,  all  from  the  same  series  of  sections 
through  nine  stomachs  preseiwed  thirty-six  hours  after  the  infective 
feed  in  Flemming's  fluid  and  stained  with  iron-hsematoxylin  and  Licht- 
griin-picric.    Drawn  with  the  camera  lucida  at  a  magnification  of  2000.] 

Figs.  117-129. — Extracellular  trypanosomes. 

Fig.  117.— Slightly  club-shaped  form,  near  the  epithelium  but  not 
attached. 

Figs.  118,  119.— Recui-%-ed  foi-ms,  not  attached. 

Figs.  120-123.— Attached  recurved  fonns. 
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Fi".  124. — A  small  bunch  of  trypanosomes  attached  in  the  interspace 
between  two  cells.  Structure  of  the  trypanosome  difficult  to  make  out 
clearly. 

Fig.  125. — Trypanosomes  in  or  attached  to  the  debris  of  a  necrosed 
cell.  Two  of  them  are  recui-ved  f  oi-ms,  the  third  possibly  crithidial  in  type. 

Fif.  126. — A  slightly  hypei-trophied  epithelial  cell  containing  three 
spheres  of  different  sizes,  with  portions  of  the  cells  on  either  side  of  it. 
N.  the  nuclei  of  the  cells ;  l.m.,  longitudinal  muscles  of  the  stomach  in 
transverse  section  ;  cm.,  one  of  the  circular  muscles  of  the  stomach. 

Fie.  127. — From  the  next  section  of  the  series,  showing  the  same  cell 
in  which  appears  one  of  the  same  three  spheres  lodged  in  a  distinct 
vacuole. 

Fig.  128. — Large  hypei-trophied  cell  with  five  nuclei  in  process  of 
beino-  thrown  off  from  the  epithelium  ;  it  contains  two  spheres  (sph.) 
and  numerous  yellow^  bodies.  The  same  cell  is  shown  in  the  photograph 
in  PI.  I.  fig.  313  c. 

Fig.  129. — Flattened  cell  showing  a  sphere  lodged  in  a  vacuole  beside 
the  nucleus  (N).  | 

Fio".  130. — Cell  containing  four  spheres  close  to  the  niicleiis  (N). 

Fig.  131. — Young  epithelial  cell  close  to  a  cryj^t  containing  an  early 
multij)lication-stage  just  external  to  the  nucleus  (N). 

Fio-.  132. — Degenerated  and  cast-off  cell,  containing  a  sphere,  the 
flagellum  of  which  is  sticking  out  from  the  remains  of  the  cell. 

Fig.  133.—  Recurved  trypanosome  within  a  cell. 

Fig.  134. — Normal  columnar  ei)ithelial  cell  containing  spheres  both 
above  and  below  the  nucleus  (N). 

Fig.  135. — Degenerated  and  cast-off  epithelial  cell,  full  of  fatty 
deposits  and  yellow  bodies,  containing  two  spheres. 

PLATE  40. 

[Epithelial  cells  of  the  flea  from  sections  of  stomachs,  all.  except  | 
ficr.  147,  fixed  with  Flemming's  fluid  and  stained  with  iron-hsematoxylin  j 
followed  by  Lichtgriin-picric.  Figs.  136-140  are  drawn  at  a  magnifica-  j 
tion  of  1000 ;  aU  the  rest  at  2000.]  ' 

Fig.  136. — Four-  young  cells  showing  the  partially  developed  border 
and  the  different  positions  of  the  nucleus  in  the  cell. 

Fig.  137. — A  cell  showing  the  more  granular  condition. 

Figs.  138,  139.— Two  stages  of  the  fatty  degeneration  of  the  cell.  In 
138  the  nucleus,  though  obscured,  is  still  faintly  visible ;  in  139  the  cell 
has  become  an  opaque  black  mass. 
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Fig.  140. — Two  contiguous  cells,  of  wliich.  the  one  to  tlie  left  shows 
the  beginning  of  the  "  yellow  necrosis." 

Figs.  141, 142. — The  upper  ends  of  cells  containing  '•'  yellow  bodies  "  ; 
in  fig.  141  several  such  bodies,  in  fig.  142  one  large  one. 

Figs.  143,  144-. — To  show  the  deposition  of  osmic -blackened  fatty 
grains  in  cells  beginning  to  degenerate ;  fig.  143  in  a  flattened  cell, 
fig.  144  in  a  columnar  cell. 

Figs.  145,  146. — Cells  containing  pseudosphei*es  (ps.)  in  their  upper 
portions. 

Fig.  147. — To  show  the  deposition  of  deeply-staining  gi-ains  below 
the  border  of  the  epithelial  ceU.  Extenaal  to  the  cell  are  seen  the 
coai-se  black  grains  of  the  blood-debris.  Maier's  fluid,  iron-hsema- 
toxylin,  Lichtgriin-picric. 

Fig.  14S. — Outer  end  of  a  cell  containing  a  sphere  (spli.)  which  is 
seen  to  contain  a  darkly-staining  mass  (chi-omatin  ?  or  fatty  deposit  ?). 

PLATE   41. 

[Various  stages  of  the  rectal-phase.  Figs.  201,  202  are  from  sections 
fixed  ^vith  Flemming's  fluid,  stained  with  Giemsa's  stain  and  drawn  at 
a  magnification  of  2oiJ0 ;  all  the  other  figures  are  from  smeai'-prepara- 
tions  fixed  with  osmic  vapour,  stained  with  Giemsa's  stain,  and  di'awu 
at  a  magnification  of  3000.] 

Figs.  149-152. — Early  "  tadpole  "  forms  from  the  rectum,  twenty- 
four  hours ;  fig.  152  is  perhaps  an  early  stage  of  division. 

Figs.  153,  154. — Early  stages  from  the  rectum,  twenty-four  hours. 

Fig.  155. — Rectum,  thirty-six  hoiu's. 

Fig.  156. — Rectum,  twenty-four  hours. 

Figs.  157,  158. — Rectum,  thirty-six  hours. 

Figs.  159-161. — From  the  rectum  of  another  flea,  thirty-six  hours. 

Fig.  162. — Rectum,  sixty  hours. 

Figs.  163,  164. — rectum,  three  days. 

Figs.  165-170. —From  a  swaiining  rectal  infection,  three  days. 

Figs.  171-176. — From  a  swarming  rectal  infection,  about  three  and  a 
half  days  old. 

Figs.  177,  178. — From  the  rectum,  forty-eight  hoiu's. 

Figs.  179-182. — From  the  rectum  about  three  and  a  half  days. 

Figs.  183-187. — Early  stages  from  the  rectum,  four  days.  In  the 
clump  shown  in  fig.  183  two  tiypanosomes  of  quite  ordinary  type  are 
seen ;  these  are  probably  forms  which  have  come  in  with  a  later  feed 
and  have  attached  themselves  secondarily  to  the  climip. 
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Figs.  188-190. — From  the  rectum,  five  days. 

Fig.  191. — From  the  rectum  of  another  flea,  five  days. 
♦   Figs.  192-200. — From  the  recta  of   fleas   taken   from   the   infective 
breeding-cage,  age  uncertain.     Fig.  [192,  early  form  from  the  rectum 
figs.   193-196,   from    stomach-preparations    (post-pyloric  ?) ;    fig.    197, 
rectum ;  fig.   198,   rectum ;  fig.    199,    stomach    (post-pyloric)  ;  fig.  200, 
rectum. 

Fig.  201. — Free  clump  from  a  section  of  a  rectum. 

Fig.  202. — From  a  section  of  the  intestine  close  behind  the  pylorus, 
showing  a  number  of  haptomonads  attached  to  the  cuticle,  and  between 
them,  projecting  up  above  the  level  of  the  haptomonads  and  distin- 
guished from  them  by  their  lighter  stain  aud  terminal  nn  are  numerous 
examples  of  the  final  tiypauosome-forms  (T). 


PLATE   42. 

[Various  stages  of  the  rectal-phase.  Figs.  273-277  are  from  sections 
of  recta  fixed  with  Flemming's  fluid,  stained  with  iron-ha?matoxylin, 
and  drawn  at  a  magnification  of  20(t0 ;  all  the  other  figures  are  from 
smear-preparations  fixed  with  sublimate  mixtures,  stained  with  iron- 
haematoxylin  and  di-awn  at  a  magnification  of  3000.] 

.  Figs.  203,  204. — Foi-ms  from  the  intestine  in  j)rocess  of  migration  to 
the  rectum,  twenty -four  hours  (see  p.  568). 

Fjgs.  205-212. — Early  "  tadpole "'  forms  from  the  rectum,  twenty- 
four  houi's. 

Figs.  213,  214. — Early  division-forms,  rectum,,  forty-eight  hours. 

Figs.  215,  216. — Early  forms,  one  dividing,  rectum,  thi-ee  days. 

Fig,  216  a. — Couple  produced  by  an  early  division  ? 

Figs.  217-220. — From  a  well-infected  i-ectum.  about  three  and  a  half 
days. 

Figs.  221-240. — Yarious  forms  from  a  swarming  rectal  infection  of  a 
flea  that  had  been  on  an  infected  rat  for  five  days ;  figs.  221-225,  hapto- 
monads ;  figs.  226-230,  division-forms ;  figs.  231-234,  growth  of  flagel- 
lum  figs,  2.35,  236,  nectomonads  ;  figs,  237,  238,  transitional  forms  ; 
figs,  239,  240,  blender  and  stout  tiypanosome-forms. 

Figs.  241,  259. — Various  forms  from  a  swarming  rectal  infection, 
eight  days  ;  figs.  241-245,  rounded  haptomonads  without  free  flagella  ; 
figs.  246,  250,  251,  flagella  gro^^-iug  out  from  rounded  haptomonads; 
figs.  247,  248,  249,  pear-shaped  haptomonads  without  free  flagella ; 
fig.  252,  clump  of  pear-shaped  haptomonads,  some  with  well-developed 
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flagella ;  fig.  253,  division-stage ;  fig.  254,  nectomonad ;   figs.  255-258 
transitional  forms ;  figs.  259,  final  trypanosome-form. 

Figs.  260-264. — Various  forms  from  a  swarming  rectal  infection, 
taken  from  the  infected  breeding-cage,  age  unknown;  figs.  260a-263a, 
the  same  specimens  as  260-263,  restained  in  Twoi-t's  stain ;  fig.  264,  a 
nectomonad  stained  with  Twort's  stain.  (N.B. — Figs.  260a-263a  and 
264  have  been  transferred  to  PI.  38.) 

Figs.  265-272. — Various  forms  from  a  swarming  rectal  infection,  age 
unknown ;  fig.  265,  early  form  ?  fig.  266,  division-form  ;  fig.  267,  rounded 
haiDtomonad,  without  flagellum,  beginning  to  divide;  figs.  268,  269, 
rounded  haptomonads  with  free  flagellum  beginning  to  grow  out ; 
fig.  270,  transitional  form  ;  figs.  271,  272,  final  trypanosome-forms. 

Fig.  273. — Clump  of  crithidial  forms  attached  in  the  intestine  just 
behind  the  i^ylorus,  in  sections  of  a  stomach  of  a  flea  preserved  thirty- 
six  hours  after  the  infective  feed.     ( X  2000.) 

Figs.  274-276. — From  sections  through  the  rectum  of  a  flea  preserved 
eight  days  after  the  infective  feed.  Fig.  274,  free  clump  ;  fig.  275,  clump 
attached  to  the  cuticle  of  the  rectum  ;  fig.  276,  forms  attached  singly  to 
the  cuticle.     ( x  2000.) 

Fig.  277.— Haptomonads  attached  to  the  cuticle  of  the  rectum,  from 
sections  through  the  rectum  of  a  flea,  preserved  eleven  days  after  the 
infective  feed.  ( x  2000.)  (This  drawing  is  from  the  same  section  as  that 
photographed  in  PI.  44.  fig.  317  ;  the  patch  drawn  lies  just  to  the  right 
hand  of  the  middle  of  the  three  pointers  that  start  from  c  in  fig.  317.) 

Figs.  278-288.— Leptomonas  pattoni,  various  forms  from  the 
rectum  of  the  flea.  Figs.  278-284  a  are  from  preparations  fixed  with 
Maier's  fluid  and  stained  with  iron-hasmatoxylin ;  figs.  285-288  are  from 
preparations  fixed  with  osmic  vapour  and  stained  with  Giemsa.  In  the 
specimens  drawn  in  figs.  281,  282,  note  small  bodies  marked  x  which 
appear  to  be  endogenous  buds  ("  infective  granules ") ;  in  fig.  283  a 
similar  body  is  shown  free,  and  figs.  284,  284  a  appear  to  be  stages  in 
the  development  of  the  bud  into  the  leptomonad.  Fig.  285  is  evidently 
a  nectomonad  form,  and  fig.  286  a  stage  in  the  development  of  such  a 
form;  they  differ  from  the  nectomonads  of  T.  lewisi  in  the  great 
prolongation  of  the  body  behind  N. 

PLATE   43. 
[Degenerative    forms,  fixed   with  osmic   vapour  and  stained  with 
Giemsa,  drawn  with  the  camera  lucida  to  a  magnification  of  3000.] 
Figs.  289,  290.— Six  hours,  rectum. 
Figs.  291-296. — Twelve  hours,  rectum. 
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Fio-s  ^^91  -^9^ —Recurved  forms  from  tlie  rectum,  tvcelve  hours. 
Fit's.  299-301.— From  the  rectum  of  another  flea,  twelve  hours. 
Figs.  302-304.— Rectum,  thii-ty-six  hours. 
Fig.  305.— Stomach,  forty-eight  hours. 
Fig.  306.— Rectum,  twenty-four  hours. 
Fig.  307.— Rectum,  sixty  hours. 

Fig.  308.— Clump  of  degenerative  forms,  rectum,  eighteen  hours. 
Figs.  309,  310.— Agglomerating  trypanosomes  from  a  flea  fed  for  the 
second  time  on  an  infected  rat  the  day  previously. 

PLATE   44. 

Fig  311.— Clump  of  degenerative  forms  (compare  fig.  308).  Photo. 
(X  loOO.) 

Fig  312  —Clump  of  developmental  crithidial  forms  ;  at  T  is  seen  a 
final  tiypanosome-form  attached  to  the  clump.  From  the  same  pre- 
paration as  figs.  241-259.     Photo.     {  x  2000.) 

Fi^  313  —Infected  patch  of  stomach-epithelium  in  which  the  cells 
are  breaking  down  and  being  thrown  off.  The  large  multinucleate  cell 
marked  C  is  the  cell,  part  of  which  is  drawn  in  PL  39,  fig.  128.  Photo. 
(X  600.) 

Ficr  314.— Section  through  an  epithelial  crypt  of  regeneration.  Close 
besid'e  it  is  seen  a  black,  degenerated  epithelial  cell.     Photo.     (  x  800.) 

Fig  315  -Section  of  an  infected  patch  of  the  stomach-epithelium 
showing  the  cells  being  thrown  off;  the  cells  contain  coarse  black 
(fatty)  gi-anules  and  stages  of  intracellular  multiplication,  which  are 
not  clearly  seen.    Photo.     ( X  600.) 

Fie/  316  —Section  of  the  stomach-epithelium  showing  an  epithelial 
ciTpt  towards  the  middle  ;  to  the  left  of  the  ciypt  the  epithelium  is  old 
and  de-enerate  and  full  of  blackened  fat ;  to  the  right  of  the  ciypt  is 
new,  clear  epithelium  budded  off  from  it.  Compare  Text-fig.  2.  Photo. 
X  300. 

Ficr  317  —Section  of  the  wall  of  a  rectum  showing  a  swai-ming 
ciith°dial  infection  of  the  •'  pile-carpet '"  type.  Fig.  277  is  drawn  from 
this  section,  from  the  part  between  the  middle  and  the  right-hand 
pointers  which  start  from  c  to  indicate  the  semed  ranks  of  the  crithidial 
forms.     Photo.     (X  500.) 

Figs.  318.— A  sphere  (the  same  that  is  drawn  in  fig.  96)  and  near  it 
one  oi  the  long  free  trypanosomes  of  the  stomach-tyi^e,  from  a  smear. 
Photo.     (X  1000.) 
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Fig.  319. — Section  passing  through  the  opening  of  the  pylorus  into 
the  intestine.     Photo.     ( x  300.) 


PLATE   45. 

[General  diagram  of  the  entire  life-cycle  of  Trypanosoma  lewisi 
in  the  flea,  combined  from  the  observations  and  experiments  set  forth 
in  this  memoir  in  order  to  give  a  summarised  idea  of  the  comi)lete 
course  of  events.  The  stomach-phase  is  represented  on  the  upper  side 
of  the  diagram,  the  rectal  phase  on  the  lower  side  and  to  the  left;  in  the 
right-hand  lower  comer  is  shown  the  secondary  infection  of  the  pylorus. 
Magnification  2000.] 

1.  Trypanosome  as  taken  up  by  the  flea  from  the  rat. 

2.  Trypanosome  slightly  modified  after  a  few  hours  in  the  flea's 
stomach. 

3-12.  Cells  of  the  epithelium  of  the  stomach  containing  the  various 
phases  of  the  intracellular  multiplication. 

3.  Cell  with  two  trypanosomes  attached  to  it,  one  of  ordinary,  the 
other  of  recurved,  type. 

4.  Penetration  of  an  epithelial  cell  by  a  trypanosome.  drawn  from 
Noller's  description  of  the  process. 

5.  Recurved  form  in  the  cell. 

6.  Rolled-up  form  in  the  cell. 

7.  Early  multiplication-form. 

8.  Later  multiplication  ;  8  nn,S  NN. 

9.  Large  tailed  sphere. 

10.  Large  ripe  sphere  without  tail. 

11.  Daughter-trypanosomes  free  in  the  exhausted  cell  after  bursting 
of  the  sphere. 

12.  Daughter-trypanosomes  escaping  from  the  cell.  After  being  set 
free,  the  trypanosomes  may  do  one  of  two  things  as  shown  by  the 
arrows.  They  may  each  penetrate  another  epithelial  cell  and  repeat 
the  process  of  multij)lication  by  which  they  were  produced.  Or  they 
may  pass  through  the  pylorus  and  downi  the  intestine  to  the  rectum  to 
give  rise  there  to  the  rectal  (crithidial)  phase. 

13-18.  To  show  the  two  possible  ways  in  which  the  established  rectal 
phase  may  arise  from  the  stomach-trypanosomes  : 

{(()  13,  14,  15,  16.  Four  successive  stages  of  the  contraction  of  a 
stomach-trypanosome  into  a  pear-shaped  form  which  at  17  divides  by 
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equal  or  subequul  Mnary  fission  to  produce  two  eqnipotential  daughter- 
products,  similar  to  18.  wlncli  by  further-repeated  binary  fission  produce 
the  ordinary  crithidial  phase. 

(h)  14  a.  14b.  Two  successive  stages  of  the  contraction  of  a  stomach- 
trypanosome  into  a  club-shaped  form,  which  at  17a  divides  by  unequal 
binary  fission  to  produce  two  inequipotential  products,  the  larger 
parent-form  which  does  not  develop  further  and  the  smaller  daughter- 
form,  similar  to  18,  which  by  repeated  binary  fission  produces  the 
ordinary  crithidial  phase. 

19.  Established  rectal  infection,  showing  the  various  forms  of  the 
rectal  phase,  h.h.  Haptomonads,  some  of  them  dividing,  some  of  them 
transitional  to  the  other  types,  n.n.  Kectomonads.  tr.  tr.  Forms 
transitional  from  the  crithidial  tyi^e  to  T.T..  the  final  txypanosome-form. 

The  final  tryi^anosome-forms,  as  shown  by  the  arrows,  pass  finally 
out  of  the  flea  with  the  fa:;ces. 

The  nectomonads  can,  under  certain  conditions  of  food-supply, 
migrate  back  along  the  intestine  and  fix  themselves  close  behind  the 
pylorus  in  order  to  give  rise  to — 

20.  Secondary  infection  of  the  pyloric  region  of  the  intestine  :  the 
letters  have  the  same  significance  as  before.  Final  trypanosome-forms 
(T.T.)  arise  and  pass  down  the  intestine  into  the  rectum  and  so  out  with 
the  fa?ces  ;  nectomonads  (nn)  also  arise  and  may  migrate  back  again  to 
the  rectum  and  re-establish  the  crithidial  phase  there  ;  these  migrations 
are  indicated  bv  the  airows. 
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XLVI.  THE  HYDROLYSIS  OF  GLYCOGEN  BY 
DIASTATIC  ENZYMES.  Part  III.  FACTORS 
INFLUENCING  THE  END-POINT  OF  THE 
HYDROLYSIS. 

By  EOLAND   victor   NORRIS,  Beit  Memorial  Research  Fellow. 
{From,  the  Biochemical  Laboratory,  The  Lister  Institute,  London.) 
{Received  July  14th,  1914.) 

In  a  previous  communication  [Norris,  1913,  1]  the  author  confirmed  the 
result  previously  obtained  by  Philoche  [1908]  that  in  the  hydrolysis  of  glycogen 
by  diastatic  enzymes,  the  hydrolysis  is  as  a  rule  far  from  complete,  and  also 
pointed  out  that  the  final  degree  of  hydrolysis,  as  represented  by  the  maltose 
production,  increases  with  rising  concentrations  of  enzyme  though  at  a  very 
much  slower  rate.  This  is  therefore  rather  a  different  case  from  the  breaking 
down  of  starch,  where,  although  the  hydrolysis  is  not  complete,  the  equili- 
brium point  according  to  most  workers  is  the  same  with  different  concentra- 
tions of  enzyme,  viz.  about  80-8  per  cent,  maltose  and  19-2  per  cent,  dextrin. 
In  this  connection  however  Maquenne  and  Roux  [1906,  1,  2,  3]  suggest  that 
the  reaction  only  comes  to  an  end  owing  to  an  insufficient  activity  of  the 
enzyme  and  state  that  if  the  diastase  be  activated  by  the  addition  of  traces 
of  acid  the  hydrolysis  proceeds  to  completion,  a  result  which  has  been  con- 
firmed by  Bayliss  [1914]. 

It  was  also  found  by  Brown  [1904]  that  if  the  maltose  formed  were  removed 
by  fermentation  with  yeast  the  whole  of  the  dextrin  was  hydrolysed,  a  result 
which  suggested  that  the  products  exerted  a  retarding  influence.  As  however 
acid  is  produced  from  the  yeast  this  result  may  be  really  due  to  the  activation 
of  the  enzyme  and  not  to  the  removal  of  the  products. 

Under  these  circumstances  it  seemed  of  interest  to  examine  the  causes 
limiting  the  hydrolysis  of  glycogen  by  the  glycogenase  of  the  pancreas  and 
some  experiments  carried  out  from  this  point  of  view  are  described  in  the 
present  communication. 

The  glycogen  used  was  prepared  from  oysters  by  Pfliiger's  method  and 
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purified  by  repeated  precipitation  with  alcohol.  In  those  experiments  where 
the  influence  of  salts  was  under  investigation  the  solutions  were  dialysed 
before  use  for  several  days  against  frequent  changes  of  distilled  water  in 
presence  of  toluene. 

The  enzyme  was  as  a  rule  prepared  from  dried  pigs'  pancreas  which  had 
previously  been  rendered  fat  free,  by  extraction  with  50  per  cent,  alcohol 
and  precipitation  of  the  filtered  extract  with  alcohol  and  ether.  The  pre- 
cipitate was  again  taken  up  in  50  per  cent,  alcohol,  filtered  and  reprecipitated, 
this  process  being  repeated  two  or  three  times. 

The  course  of  the  hydrolysis  was  followed  by  estimations  from  time  to 
time  of  the  reducing  power  of  the  solutions  by  Bertrand's  method,  the  assump- 
tion being  made  that  the  reduction  was  due  to  maltose  alone.  While  this 
is  probably  not  entirely  correct,  the  method  is  far  more  convenient  than 
estimations  of  the  optical  rotation.  The  latter  is  open  to  the  same  objection 
as  the  former  method  and  in  addition  necessitates  the  employment  of  very 
dilute  solutions  whereby  further  inaccuracies  are  in  all  probability  introduced. 
In  many  cases  the  iodine  reaction  was  also  followed  during  the  experiment. 

Exp.  1.     Injluence  of  enzyme  concentration  on  the  hydrolysis  of  glycogen. 

A.  105-5  cc.  solution  containing  1  g.  glycogen,  0-1  cc.  enzyme  and  1  cc. 
toluene. 

B.  105-5  cc.  solution  containing  1  g.  glycogen,  0-5  cc.  enzyme  and  1  cc. 
toluene. 

C.  105-5  cc.  solution  containing  1  g.  glycogen,  5-0  cc.  enzyme  and  1  cc. 
toluene. 

The  above  were  incubated  at  37°  and  samples  taken  from  time  to  time  for 
analysis,  the  results  being  shown  in  the  following  table. 


TABLE   I. 

Duration  of 

experiment 

Hours 

Percentage  hydrolysis 

, ^- 

A. 

B. 

C. 

1 

36-65 

52-90 

69-8 

2 

40-45 

54-00 

77-1 

3 

42-80 

54-30 

82-0 

4 

43-70 

64-55 

84-8 

6 

44-60 

54-70 

87-4 

6 

45-10 

— 

890 

7 

45-40 

— 

90-2 

8 

45-60 

— 

910 

.  9 

45-60 

55-10 

91-5 
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In  the  above  experiineut  it  will  be  seen  that  while  with  the  highest 
concentration  of  enzyme  rather  over  90  per  cent,  of  the  glycogen  was  com- 
pletely hydrolysed  to  maltose,  with  0-1  cc.  enzyme  only  about  half  this 
quantity  of  maltose  was  formed.  At  the  same  time  all  the  glycogen  had 
disappeared,  having  been  converted  into  a  dextrin  which  remained  to  a  large 
extent  unhydrolysed.  The  intermediate  products  in  the  hydrolysis  of  gly- 
cogen have  not  received  a  great  amount  of  attention.  Tebb  [1898]  however 
found  that  a  dextrin  was  formed  which  was  extremely  resistant  to  further 
hydrolysis  and  identified  this  with  the  dextrin  previously  described  by 
Seegen  [1879]  and  termed  by  him  dystropodextrin.  This  dextrin  gives 
no  iodine  reaction,  in  fact  with  pancreatic  glycogenase  no  erythrodextrins 
appear  to  be  formed,  or  if  they  are  produced  they  are  hydrolysed  so  rapidly 
that  it  is  impossible  to  detect  them. 

It  is  difficult  to  believe  however  that  the  resistant  nature  of  this  dextrin 
is  the  cause  of  the  stopping  of  the  hydrolysis.  For  considering  the  experi- 
ment just  described,  the  rates  fell  off  when  the  reduction  indicated  a  hydrolysis 
of  rather  over  40  per  cent,  in  A,  of  50  per  cent,  in  B,  and  over  80  per  cent, 
in  C.  In  other  words  the  slower  the  initial  rate  of  hydrolysis,  the  greater  was 
the  quantity  of  resistant  dextrin  apparently  formed.  In  the  case  of  C  the 
slowing  ofE  in  the  rate  could  be  quite  well  explained  by  the  exhaustion  of  the 
substrate,  but  in  A  and  B  this  explanation  cannot  hold.  Another  possible 
solution  is  that  two  enzymes  may  be  concerned.  This  view  in  the  case  of 
diastase  has  been  advanced  by  several  investigators  [Brown  and  Heron  1879  ; 
Kjeldahl  1879;  Duclaux  1899;  Fraenkel  and  Hamburg  1906].  Now  if  the 
enzyme  preparation  employed  in  these  experiments  consists  of  a  large  pro- 
portion of  glycogenase  which  only  carries  the  hydrolysis  to  the  dextrin  stage 
and  a  very  small  amount  of  dextrinase  the  results  obtained  above  are  to  a 
certain  extent  what  would  be  expected.  For  in  this  case  with  the  low  enzyme 
concentration  there  might  be  enough  glycogenase  to  carry  out  the  first  stage 
of  the  hydrolysis  but  insufficient  dextrinase  to  hydrolyse  the  dextrin  thus 
formed  at  a  correspondiror  rate.  In  this  v.ay  an  accumulation  of  dextrin 
would  take  place.  With  the  high  concentration  of  enzyme  the  rate  of  the 
first  stage  of  the  hydrolysis  would  be  limited  by  the  concentration  of  glycogen 
employed  and  hence  would  not  increase  proportionally  with  rising  enzyme 
concentrations.  The  second  stage  of  the  hydrolysis  however  would  proceed 
at  a  much  greater  rate  and  hence  the  accumulation  of  dextrin  would  be  less 
as  the  concentration  of  enzyme  increased.  Now  while  this  is  actually 
the  final  result  found  experimentally  an  examination  of  Table  I  shows  that 
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wheu  the  slow  stage  of  the  hydrolysis  is  reached,  B  and  C  are  proceeding  not 
very  much  more  quickly  than  A.  Hence  some  other  factors  must  be  concerned 
and  the  two  which  first  suggest  themselves  are  (1)  destruction  of  the  enzyme 
during  the  course  of  the  experiment,  and  (2)  retarding  influence  of  the  pro- 
ducts. Before  considering  these  points  however  it  will  be  as  well  to  describe 
some  further  experiments  in  which  the  results  indicated  above  were  reproduced 
by  other  methods. 

It  is  well  known  that  the  activity  of  a  glycogenase  preparation  is  almost 
completely  lost  on  dialysis  but  can  be  restored  by  the  addition  of  certain 
salts,  notably  chlorides.  A  certain  minimum  concentration  of  such  salts 
varying  with  the  concentration  of  enzyme  is  required  to  produce  the  optimum 
rate  of  hydrolysis  [Cole  1906  ;   Starkenstein  1910,  1  ;   Xorris  1913,  2]. 

Now  if  a  series  of  dialysed  glycogen  solutions  is  made  up,  each  containing 
the  same  quantity  of  dialysed  glycogenase  but  increasing  quantities  of  KCl, 
not  only  does  the  initial  rate  of  hydrolysis  increase  with  rising  concentration 
of  salt  but  the  final  degree  of  hydrolysis  also  rises.  These  results  only  obtain 
of  course  until  the  salt  concentration  reaches  the  optimum  required  for  the 
particular  strength  of  enzyme  employed. 

Exp.  2.     Influence  of  salt  content  on  the  total  degree  of  hydrohjsis. 

A.  100  cc.  1  per  cent,  dialysed  glycogen  containing  1  cc.  toluene  and 
0"5  cc.  dialysed  enzyme. 

B.  100  cc.  1  per  cent,  dialysed  glycogen  containing  1  cc.  toluene, 
O'o  cc.  N/20  KCl  and  0*5  cc.  dialysed  enzyme. 

C  100  cc.  1  per  cent,  dialysed  glycogen  containing  1  cc.  toluene  and 
2-0  cc.  N/20  KCl  and  0*5  cc.  dialysed  enzyme. 

The  solutions  were  incubated  at  37°  and  the  reducing  power  estimated  at 
frequent  intervals. 

In  this  experiment  A  which  contained  no  added  salt  had  still  a  low  activity, 
the  dialysis  not  having  been  carried  sufficiently  far  to  render  the  solution 
entirely  salt  free.  A  therefore  represents  a  solution  with  very  low  salt 
content. 

Results  : 
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TABLE   II. 


Duration  of  Percentage  hydrolysis 

experiment 


Minutes  A.  B.  C. 

15  207  9-2  13-2 

30  3-22  14-6  22-7 

60  507  21-6  — 

75  —  —  30-18 

120  1014  25-68  — 

135  —  —  33-71 

240  12-89  28-4  — 

255  —  —  37-44 

360  —  29-28  — 

420  16-58  —  38-34 

480  —  29-73  39-24 

The  results  are  therefore  exactly  similar  to  those  obtained  when  different 
concentrations  of  enzyme  are  employed  and  indicate  that  a  certain  amount  of 
the  enzyme  remains  entirely  inactive  in  presence  of  insufficient  salt.  This 
is  of  some  interest  as  Starkenstein  [1910,  2]  has  shown  that  even  in  the 
absence  of  any  salt,  adsorption  of  diastase  by  starch  still  takes  place  though 
no  chemical  change  results  until  salt  is  added.  The  salt  presumably  must  have 
some  specific  activating  effect  on  the  enzyme  and  its  only  function  cannot  be 
to  assist  the  combination  between  enzyme  and  substrate.  It  also  shovv^s  that 
if  two  enzymes  are  present  they  are  equally  dependent  on  the  presence  of 
salts. 

In  view  of  the  above  experiment  it  was  of  interest  to  see  what  would  be 
the  effect  of  adding  further  salt  to  a  solution  such  as  A  ov  B  above  when  the 
rate  of  hydrolysis  had  become  stationary  and  hence  the  following  experiment 
was  carried  out. 

Exp.  3.     Addition  of  salt  at  "  stationary  point.'''' 

A.  50  cc.  2  per  cent,  glycogen  +  0-25  cc.  N/20  KCl  +  1  cc.  toluene 
-f  0'5  cc.  enzyme  +  48'25  cc.  H2O. 

B.  50  cc.  2  per  cent,  glycogen  -f  10  cc.  N/20  KCl  +  1  cc.  toluene  + 
0'5  cc.  enzyme  -r  38*5  cc.  HgO. 

C.  As  A. 

The  glycogen  and  enzyme  solutions  were  dialysed  before  use.  When 
the  rate  of  hydrolysis  in  A  and  therefore  in  C  had  become  extremely  slow, 
further  salt  was  added  to  C  so  that  the  concentration  of  KCl  became  equal 
to  that  in  B. 

The  course  of  the  hydrolysis  in  each  case  is  shown  in  Table  III  below. 
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TABLE 

III. 

Percentage  hydrolysis 

Duration  of 

'" 

0. 

Low  salt  con- 

experiment 

A.     Low  salt        B 

.     High  salt 

tent. 

Salt  added  at 

Minutes 

content 

content 

stationary  point 

15 

3-95 

1014 

— 

30 

7-39 

17-40 

7-39 

240 

24-80 

33-50 

24-90 

315 

26-50 

35-20 

26-54 

KCl  added  here 

345 

26-80 

36-80 

28-60 

405 

27-50 

— 

31-40 

466 

27-70 

— 

32-32 

585 

28-30 

37-80 

34-16 

705 

28-78 

38-20 

34-63 

The  results  show  that  the  addition  of  salt  to  C  after  315  minutes  resulted 
in  an  increase  in  the  rate  of  hydrolysis,  C  increasing  S'l  per  cent,  during  the 
remainder  of  the  experiment  as  against  the  2-2  per  cent,  increase  shown  by 
A.  Compared  with  B  however,  which  contained  the  high  salt  concentration 
all  the  time,  C  still  showed  a  deficit  of  3-6  per  cent,  when  the  two  rates  had 
become  equal.  This  however  would  be  expected  as  even  assuming  that  all 
the  excess  of  enzyme  not  combined  with  salt  were  intact  when  further  salt 
was  added,  there  was  at  this  point  already  present  in  C  a  considerable  per- 
centage of  the  hydrolytic  products  which  might  retard  the  freshly  activated 
enzyme.  At  the  same  time  if  the  curves  shown  in  Fig.  1  representing  this 
experiment  be  observed  it  will  be  noticed  that  the  rate  of  action  in  C  after 
the  addition  of  the  salt  was  shghtly  less  than  that  obtaining  in  B  when  at 
the  same  stage  of  the  hydrolysis,  this  suggesting  that  slight  injury  to  the 
enzyme  had  occurred. 

The  case  when  further  enzyme  is  added  at  the  stationary  point  is  also  of 
interest  and  will  be  considered  next. 

Exp.  4.     Addition  of  enzyme  at   "  stationary  point." 

A.  50  cc.  2  per  cent,  dialysed  glycogen  +  0-25  cc.  N/20  KCl  +  1  cc. 
toluene  +  0'5  cc.  dialysed  enzyme. 

D.  50  cc.  dialysed  2  per  cent,  glycogen  +  10  cc.  N/20  KCl  +  1  cc. 
toluene  +  2  cc.  dialysed  enzyme. 

E.  50  cc.  2  per  cent,  dialysed  glycogen  +  0-25  cc.  N/20  KCl  +  1  cc. 
toluene  +  2  cc.  enzyme. 

F.  As  A.  Enzyme  added  at  stationary  point  so  that  enzyme  concentra- 
tion then  became  ^qual  to  E. 
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G.  As  A.  Enzyme  and  salt  added  at  stationary  point  so  that  the  mixture 
was  then  similar  in  composition  to  D. 

The  hydrolyses  were  carried  out  in  the  usual  manner  till  F  and  G  had 
become  very  slow,  which  occurred  after  about  five  hours,  when  the  addi- 
tions were  made,  the  results  being  shown  in  Table  IV. 


TABLE 

IV. 

Percentage  hydrolysis 

Duration 

A. 

D 

E. 

F. 

G. 

of  experi- 

Low salt, 

High  salt, 

Low  salt. 

Addition 

Addition  of 

ment 

low  enzyme 

high  enzyme 

high  enzyme 

of 

enzyme 

minutes 

content 

content 

content 

enzyme 

+  salt 

300 

26-2 

42-1 

360 

26-2 

26-2 
Enzyme  and  salt  added 

315 

26-5 

42-4 

36-2 

26-54 
Enzyme  added 

— 

330 

26-65 

42-6 

36-3 

— 

32-32 

345 

26-80 

42-8 

36-4 

29-36 

— 

390 

27-30 

— 

— 

— 

37-90 

405 

27-50 

— 

— 

31-86 

38-50 

585 

28-30 

4315 

37-8 

35-11 

41-60 

705 

28-78 

43-69 

38-3 

35-60 

42-05 

Duration  of  experiment  in  minutes. 
Fig.   1. 


The  first  point  of  interest  is  that  addition  of  further  enzyme  to  i^ produced 
an  acceleration  although  the  concentration  of  salt  employed  was  quite 
insuflScient  to  permit  the  enzyme  initially  present  to  produce  its  maximum 
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effect.  There  is  evidently  then  an  equiUbrium  estabhshed  between  free  salt, 
free  enzyme  and  the  salt-enzyme  complex  which  is  changed  by  the  addition 
of  further  enzyme,  more  of  the  complex  being  formed  and  the  hydrolysis 
thereby  accelerated.  The  same  point  is  indicated  by  the  two  controls  A  and 
E,  E  proceeding  at  a  much  greater  rate  than  A  although  having  the  same  low 
salt  content.  The  results  are  shown  graphically  in  Fig.  1,  together  with 
those  of  Experiment  3. 

The  addition  of  salt  and  enzyme  naturally  produces  a  greater  acceleration 
than  the  addition  of  either  separately,  and  this  acceleration  is  in  fact  greater 
than  the  sum  of  the  two  components  as  one  would  expect,  the  enzyme  in 
F  being  retarded  by  an  insufficiency  of  salt.  At  the  same  time  the  rate  in 
G  after  the  addition  is  less  than  that  obtaining  in  the  control  D  when  at  the 
same  stage  of  the  hydrolysis.  Examining  the  total  degree  of  hydrolysis 
produced  it  will  be  seen  that  while  G  never  quite  reached  the  control  D,  it 
approached  it  very  nearly  and  this  also  applies  to  F  and  its  control  E,  the 
deficiency  being  however  slightly  greater  in  this  case. 

All  these  results  are  against  the  view  that  the  stopping  of  the  action  is 
caused  by  the  resistance  of  the  residual  dextrin  to  further  hydrolysis,  the 
addition  of  further  enzyme  producing  initially  a  fairly  rapid  rate  of  hydrolysis 
which  quickly  falls  off  again,  thus  suggesting  an  alteration  of  an  equilibrium 
between  enzyme  and  the  hydrolytic  products.  The  only  other  obvious  factor 
is  the  possible  destruction  of  the  enzyme  during  the  course  of  the  experiment 
and  the  degree  to  which  this  is  concerned  was  examined  in  the  following 
experiment. 

Exj).  5.     Addition  of  further  glycogen  at  the  "stationary  point." 

A.  100  cc.  1  per  cent,  glycogen  +  1  cc.  toluene  +  1  cc.  enzyme. 

B.  100  cc.  2  per  cent,  glycogen  +  1  cc.  toluene  +  1  cc.  enzyme. 

C.  Initially  as  A.     Further  glycogen  added  after  4  hours  hydrolysis. 
Hydrolysis  was  allowed  to  proceed  at  37°  until  the  rate  in  A  and  C  became 

slow  and  then  further  glycogen  was  added  to  C  so  that  the  total  concentration 
became  equal  to  that  originally  present  in  B,  and  the  further  course  of  the 
hydrolysis  observed. 

The  results  are  shown  graphically  in  Fig.  2,  the  abscissae  representing  the 
duration  of  the  experiment  in  minutes  and  the  ordinates  the  amount  of 
hydrolysis  Vv'hich  had  taken  place  expressed  in  percentages  of  one  gram,  the 
latter  being  calculated  as  previously  explained  on  the  assumption  that  the 
reducing  power  of  the  solution  is  due  to  maltose  alone. 
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The  glycogen  was  added  to  C  at  240  minutes  and  as  will  be  observed  was 
rapidly  hydrolysed,  showing  that  a  large  proportion  of  the  enzyme  was  still 
in  an  active  condition  although  the  rate  was  much  lower  than  that  at  which 
the  first  quantity  of  glycogen  was  initially  hydrolysed,  the  relative  values  for 
60  minutes  being  9'5  and  17  respectively.  As  the  final  degree  of  hydrolysis 
observed  was  practically  the  same  however  in  5  and  C  it  is  extremely  impro- 
bable that  any  of  the  enzyme  had  been  destroyed  during  the  experiment 
and  the  difference  in  the  two  rates  must  be  attributed  to  the  influence  of  the 
products  present  when  the  addition  of  glycogen  was  made.  This  view  is 
supported  by  the  next  experiment. 


Duration  of  experiment  in  minutes. 
Fig.  2. 


Exp.  6.     Addition  of  glycogen  and  enzyme  at  the  "  stationary  point.'" 

A.  100  cc.  1  per  cent,  glycogen  +  1  cc.  enzyme  +  1  cc.  toluene. 

B.  100  cc.  2  per  cent,  glycogen  +  2  cc.  enzyme  +  1  cc.  toluene. 

C.  Initially  as  A.  When  the  action  had  slowed  down,  enzyme  and 
glycogen  were  added  to  make  the  proportion  of  these  similar  to  those  obtaining 
in  5. 

It  was  to  be  expected  that  the  glycogen  added  to  C  would  be  hydrolysed 
with  a  considerable  initial  velocity  but  that  this  rate  would  fall  off  quickly 
owing  to  the  influence  of  the  products  on  the  freshly  added  enzyme.     For  the 
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same  reason  it  was  uulikely  that  the  final  degree  of  hydrolysis  would  be  as 
great  in  C  as  in  B. 

An  examination  of  the  results  shown  in  Fig.  3  indicates  that  these  hypo- 
theses were  verified.  Here  again  the  ordinates  represent  the  degree  of 
hydrolysis  expressed  in  the  percentages  of  one  gram  hydrolysed  to  maltose. 

The  glycogen  and  enzyme  were  added  to  C  after  300  minutes  and  while 
the  glycogen  was  readily  hydrolysed  the  rate  was  actually  less  than  that 
obtaining  initially  in  A  which  had  only  half  the  concentration  of  enzyme. 
This  result  can  only  be  explained  by  the  influence  of  the  products  as  whatever 


Duration  of  experiment  in  minutes. 
Fipr.    3. 


may  have  happened  to  the  first  quantity  of  enzyme  during  the  course  of  the 
experiment,  that  added  later  was  in  an  active  condition  and  yet  could  not 
give  such  a  high  rate  of  hydrolysis  as  a  similar  quantity  of  enzyme  acting  on 
a  solution  containing  none  of  these  products.  Doubtless  for  the  same  reason 
the  final  degree  of  hydrolysis  in  C  was  less  than  that  observed  in  B. 

Influence  of  the  hydrolytic  products,     {a)     Maltose. 

Exp.  7.  A.  100  cc.  1  per  cent,  glycogen  solution  +  1  cc.  toluene  +  0"5  cc. 
enzyme. 

B.  100  cc.  1  per  cent,  glycogen  solution  -f  1  cc.  toluene  +  0*5  g.  maltose 
+  0"5  cc.  enzvme. 
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The  only  difference  between  the  two  experimental  mixtures  is  that  B 
contains  initially  an  amount  of  maltose  corresponding  to  that  found  at  the 
conclusion  of  a  hydrolysis  with  this  strength  of  enzyme.  The  rates  at  which 
hydrolysis  proceeded  in  A  and  B  were  then  compared,  the  results  being 
shown  in  Table  Y. 

TABLE  V. 

mjr.  Cu  from  20  cc.  solution 


Duration  of 

A. 

B.     Corrected  for 

experiment 

added  maltose 

15  mins. 

27 

28 

30      „ 

46 

46 

Ihr. 

66 

65 

2hr3. 

80 

80 

4    „ 

92 

91 

8    „ 

100 

99 

20    „ 

108 

104 

Percentage  hydrolysis       49-6  47-6 

This  quantity  of  maltose  had  then  very  Httle  depressing  action  on  the 
rate  of  hydrolysis. 

(&)     Influence  of  mixed  products. 

Exps.  8  and  9.  200  cc.  of  1  per  cent,  glycogen  solution  containing  2  cc. 
enzyme  and  toluene  were  incubated  at  37°  for  24  hours.  The  solution 
was  then  boiled  and  the  degree  of  hydrolysis  accurately  determined. 

The  following  experiments  were  then  carried  out. 

A.  100  cc.  1  per  cent,  glycogen  solution  -f-  1  cc.  toluene  +  1  cc. 
enzyme. 

B.  100  cc.  boiled  solution  containing  hydrolytic  products  -rig.  glycogen 
+  1  cc.  toluene  +  1  cc.  enzyme. 

Two  similar  experiments  were  carried  out,  the  results  being  shown  in 
Table  VI. 

A  control  was  carried  out  in  which  the  boiled  solution  of  products  alone 
was  incubated  with  enzyme  but  practically  no  further  change  took  place 
during  the  course  of  the  experiment. 

In  Experiment  9  there  was  a  slightly  higher  initial  proportion  of  products 
than  in  8.  In  both  cases  however  there  is  a  well  marked  retarding  influence 
exerted  by  the  hydrolytic  products,  the  differences  observed  at  the  end  of  the 
experiment  being  as  follows  : 

Exp.  8.     5-69  in  a  hydrolysis  of  46-55  =  12*2  per  cent. 

Exp.  9.     6-26  in  a  hydrolysis  of  4710  =  13-2  per  cent. 
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It  is  possible  that  the  freshly  formed  products  may  have  an  even  greater 
influence  than  those  examined  in  the  experiments  where  the  solutions  had 
been  boiled. 


TABLE 

VI. 

Experiment  8 

Experiment  9 

Duration  of 

Percentage 

!  hydrolysis 

experiment 
Minutes 

A. 

B. 

4i. 

Bx. 

15 

21-40 

19-0 

18-0 

15-2 

30 

29-49 

26-6 

27-1 

21-87 

60 

33-77 

29-55 

33-28 

27-65 

120 

38-57 

33-37 

38-57 

32-78 

176 

— 

— 

39-03 

33-35 

240 

40-93 

34-3 

— 

— 

360 

42-78 

36-2 

— 

— 

510 

43-25 

37-15 

— 

— 

675 

— 

— 

43-72 

37-9 

1375 

— 

— 

47-1 

40-84 

1380 

46-55 

40-86 

— 

— 

Summary  and  Conclusions. 

1.  A  solution  of  glycogen  is  not  completely  hydrolysed  to  maltose  by 
the  glycogenase  of  the  pancreas  imless  very  high  concentrations  of  enzyme 
are  employed,  although,  even  with  low  enzyme  concentrations,  the  whole  of 
the  glycogen  may  disappear. 

2.  The  total  degree  of  hydrolysis  produced  rises  with  increasing  concentra- 
tion of  enzyme  but  not  proportionally. 

3.  In  dialysed  solutions  the  same  result  is  obtained  by  increasing  the 
salt  content  up  to  a  certain  optimum  concentration. 

4.  Evidence  is  brought  forward  to  show  that  the  resistance  of  the  residual 
dextrin  to  further  hydrolysis  is  not  the  main  factor  in  the  stopping  of  the 
reaction. 

5.  There  is  little  evidence  indicating  that  destruction  of  the  enzyme 
takes  place  to  any  considerable  extent  during  the  course  of  the  experiment. 

6.  The  mixed  products  formed  have  a  marked  retarding  influence  on 
the  velocity  of  the  reaction  and  are  probably  the  most  important  factors  in 
the  stopping  of  the  hydrolysis.  Maltose  alone  however  has  a  very  small 
effect. 
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Preface. 

I  PEOPOSE  in  the  present  paper  to  conclude  the  account  of 
the  work  on  the  parasites  of  the  Little  Owl  (Athene  noctua) 
which  I  carried  out  at  Eovigno  during  the  spring  and  early 

1  For  No.  II  of  these  Studies,  •'  On  the  Trypanosome  of  the  Little 
Owl,"  etc.,  vide  '  Quart.  Journ.  Micr.  Sci.,'  vol.  57, 1911,  p.  141. 
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summer  of  1909.  I  have  delayed  publishing  up  to  the 
present  my  observations  on  the  developmental  phases  of  the 
Trypanosome  in  the  mosquito,  as  I  hoped  to  be  able,  before 
now,  to  obtain  the  corresponding  phases,  and,  indeed,  the 
transmission  back  again  to  the  bird,  of  Trypanosoma 
f ringillinarum,  here  in  England,  to  complete  the  work. 
This  latter  research,  however,  progresses,  unfortunately,  very 
slowly,  so  that  I  think  it  useful  to  publish  my  earlier  observa- 
tions without  waiting  longer,  more  especially  as  the  only 
other  worker  who  has  written  anything  of  late  on  this  subject, 
namely,  Mayer  (2),  in  his  account  of  the  parasites  of  another 
owl  (Syrnium  aluco),  has  upheld  the  view  that  the  Flagel- 
lates occurring  in  mosquitoes  which  have  fed  on  an  owl  are 
developed  from  Halteridia  present  in  the  blood  of  the  bird. 
In  my  "Notes  on  Sporozoa,  No.  IV"  (14),  dealing  with  the 
nuclear  structure  of  Halter idium  and  Leucocytozoon,  I 
think  I  have  shown  clearly  that,  considered  from  the  stand- 
point of  these  parasites,  everything  is  against  such  a  connec- 
tion of  either  with  a  Trypanosome.  And  the  evidence  which 
I  have  obtained  from  the  Trypanosome  side  of  the  question  is 
equally  negative,  and  does  not  bear  out  Mayer^s  contention 
in  the  slightest  degree. 

General  Account  of  the  ExpEKniEXTAL  Work. 

The  time  at  my  disposal  for  experimental  work  withCulex 
was  only  very  short — about  the  last  three  weeks  of  June. 
Eai'lier  than  this  the  bred-out  females  would  not  take  blood, 
and  at  the  beginning  of  July  I  was  unfortunately  obliged  to 
leave  Rovigno.  Five  owls  were  used,  to  which  it  will  be 
convenient  to  refer  by  their  numbers,  viz.,  15, 16,  19,  22,  and 
23,  The  first  two  were  quite  free  from  any  infection ;  No.  22 
had  only  Leucocytozoon,  while  Nos.  19  and  23  both  had 
Halteridium  noctuae,  Leucocytozoon  ziemanni,  and 
Trypanosoma  noctuae.  As  regards  Owl  19,  the  Trypano- 
some was  for  some  reason  or  other  excessively  scanty,  and 
was  not,  I  believe,  present   at   all   in  the  general  circulation 
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(cf.  Study  Xo.  II).  The  Halteridial  infection  of  Owl  19  was 
quite  typical,  the  parasites,  which,  of  course,  were  in  the 
usual  form  of  male  and  female  gametocytes,  being  fairly 
numerous,  and  many  of  them  full-grown  and  ripe  for  liberation 
from  the  host-cells.  On  the  othei'  hand,  the  Halteridial 
infection  of  No.  23  was  not  typical.  In  this  owl  nearly  every 
red  blood-cell  "was  infected,  usually  with  several  (four  or 
more)  small  forms,  which  in  many  cases,  as  they  had  increased 
in  size, had  united  together  into  a  kind  of  common  plasmodium. 
This  condition  has  been  already  described  by  me  elsewhere 
(13).  I  observed  hardly  any  full-grown,  normal  gametocytes 
in  the  blood  of  this  bird.  Owls  22  and  23  only  arrived  on 
June  12th. 

Early  in  June,  finding  that  my  bred-out  females  would  not 
yet  bite,  I  left  Owl  19  one  evening  in  a  cage  into  which  I  had 
put  half-a-dozen  or  so  "  wild "  females,  caught  in  the  same 
little  outhouse,  used  as  a  "  dark-room,"  where  Schaudinn 
himself  had  caught  many  in  time  past.  Before  midnight  two 
of  these  had  fed.  I  may  note  here  that  the  favourite  place 
for  feeding  of  the  mosquitoes  was  the  fleshy  pad  just  above 
the  bird's  nostrils.  One  of  the  two  females  was  examined 
-after  about  thirty-six  hours  had  elapsed,  thisbeing  the  period 
when,  according  to  Schaudinn,  the  ookinetes  become  trans- 
formed into  Trypanosomes.  Its  stomach  contained  a  number 
of  fully-developed  ookinetes,  i.  e.  which  had  lost  all  the 
pigment.  The  majority  had  the  characteristic  curved  form, 
but  did  not  appear  at  all  active.  A  few,  however,  showed  a 
certain  amount  of  activity,  which  consisted  in  tending  to 
straighten  out,  and  again  recurve,  the  body,  either  slowly  or 
now  and  again  spasmodically.  I  never  observed  any  marked 
forward  progression  of  the  ookinetes. 

Besides  the  ookinetes  certain  other  bodies  were  found  to 
occur,  very  scantily,  in  the  preparation.  These  elements 
were  more  elongatedand  spindle-shaped,  somewhat  resembling 
an  Indian  club  in  form,  one  extremity  tapering  finely,  the 
other  beingr  rounded  off.  Further,  some  of  them  were  very 
slightly  curved  or  crescentic.     Apart  from  the  difference  in 
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shape,  the  general  appeai-ance  of  these  bodies,  observed 
living,  was  not  at  all  unlike  that  of  the  ookinetes.  They 
were  quite  non-motile.  While  I  was  in  the  act  of  observing 
one,  and  wondering  whether  it  w^as  a  later  stage  in  the 
development  of  an  ookinete,  it  gave  one  or  two  very  slight, 
jerky  movements,  and  before  I  had  fully  assured  myself  that 
these  really  represented  active,  voluntary  motion  on  the  part 
of  the  parasite,  to  my  great  surprise  it  had  developed  a 
flagellum.  I  thought  I  had  just  an  indication  of  the  tapering- 
end  of  the  body  beginning  to  lengthen,  but  more  than  this  I 
did  not  see.  One  moment  the  parasite  had  no  flagellum,  an 
instant  later  it  had  a  fully-developed  free  flagellum,  about 
three-quarters  as  long  as  its  own  body.  The  process  must 
have  been  exactly  comparable,  in  short,  to  that  which  I  have 
since  found  to  occur  in  Leptomonas  ("  Crithidia^') 
fasciculata  (vide  15).  I  hurriedly  brought  a  colleague,^ 
Dr.  Reichenow,  then  also  working  at  Rovigno,  to  look,  and 
he,  in  turn,  saw  the  process  repeated  in  the  case  of  another 
individual.  These  were  the  only  two  instances  in  which  we 
saw  the  development  of  the  flagellum,  and  we  only  found 
one  other  flagellated  form  in  the  preparation.  We  both 
carefully  examined  several  of  the  other  (non-motile)  elements, 
and  satisfied  ourselves  that  they  had  no  sign  whatever  of 
a  flagellum.  If  I  may  be  permitted  the  personal  reminiscence, 
I  well  remember  how,  in  the  excitement  of  the  moment, 
we  were  both  of  us  firmly  persuaded  that  we  had  seen  the 
most  important  stage  in  the  transformation  from  an  ookinete 
into  a  Trypanosome,  as  it  had  been  described  by  Schaudinn. 
This  confidence  did  not  endure,  however,  for  many  days.  I 
continued  to  watch  certain  ookinetes  during  the  afternoon, 
and  felt  very  disappointed  that  I  could  not  see  any  indication 
whatever  of  a  typical  ookinete  passing  into  one  of  the  fusiform 
bodies.  After  keeping  the  preparation  under  observation  for 
about  three  hours  I  removed  the  coverslip  and  made  smears, 
which  w^ere  fixed  and  stained. 

Most  unfortunately.  Owl  19  was  taken  ill  and  died  on  the 
following  day,  and  for  some  days  I  had  no  owl  infected  Avilh 
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Trypanosomes.  Duriug  this  interval  I  fed  several  caught 
mosquitoes  on  an  uninfected  bird  (either  15  or  16),  and 
these  were  examined  at  periods  of  from  thirty-six  to  fifty- 
eight  hours  after  being  fed.  In  two  cases,  elongated,  fusi- 
form elements,  perfectly  similar  to  those  above-mentioned, 
were  found;  but  none  of  them  was  seen  to  become  active  oi* 
develop  a  flagellum.  In  another  female,  examined  about 
fifty-four  hours  after  being  fed,  numerous  active  Flagellates 
were  observed  in  the  stomach ;  these  differed  considerably  in 
appearance  from  the  "resting  Flagellates,"  but,  on  the  other 
hand,  agreed  closely  with  the  characteristic  developmental 
forms  described  below^  and  I  have  not  the  least  doubt  chat 
they  also  belonged  to  the  life-cycle  of  some  Avian  Trypano- 
some.  It  is  important  to  note  that  no  ookinetes  were  seen  in 
any  of  these  mosquitoes.  These  observations  showed  not 
only  that  the  fusiform  resting  Flagellates  might  probably  have 
another  origin  than  from  the  ookinetes  of  Halteridium,  but 
also  that  it  was  essential  to  ixse  only  bred-out  females,  in 
order  to  follow  the  course  of  development  taken  by  the  blood- 
parasites  in  the  Culex;  hence,  from  this  time  onwards  only 
such  individuals  were  used. 

On  June  12th  Owl  23  arrived,  and  during  the  night  of  the 
15th-16th  I  found  Trypanosomes  in  the  peripheral  circulation  ; 
the  parasites  were  of  the  characteristic  fusiform,  rather  stout 
type  (PI.  31,  fig.  a),  described  by  Minchin  and  myself  (I.e.). 
The  Trypanosomes  were  not  at  all  infrequent — for  Avian 
TrypanosomeSjit  must  be  remembered — in  the  peripheral  blood 
at  this  time,^  and  were  found  also  on  other  occasions.  In  both 
of  the  two  first  mosquitoes  which  were  examined  after  being- 
fed  on  this  bird^  after  intervals  of  about  thirty-four  and  forty 
hours  respectively,  numerous  active  Flagellates  were  found  in 
the  stomach.  Digestion  was  proceeding  normally  and  was 
about  half  accomplished,  or  rather  more.  (I  may  state  here 
that  females  which  had  taken  blood  were  always  kept  at  a  tem- 

^  In  any  living  preparation,  consisting  of  a  small  drop  of  blood  spread 
out  into  a  thin  layer  under  a  coverslip  seven-eighths  of  an  inch  square, 
there  would  be  one  or  two  Trypanosomes. 
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perature  of  from  25°-27°  C,  at  wliicli  temperature  digestion 
took  three  to  four  days  to  be  completed.)  The  develop- 
ment of  the  Trypanosomes  appeared  to  be  at  about  the  same 
stage  in  both  the  females,  and  in  both  similar  phases  were 
ol)served. 

Ookinetes  of  Halteridium  were  also  found,  but  in  both 
mosquitoes  they  were  few  in  number — quite  scarce,  in  fact, 
when  compared  with  the  number  present  iu  the  first  female 
examined,  which  had  fed  on  Owl  19  (cf.  above).  This  was 
readily  to  be  understood,  bearing  in  mind  the  different  con- 
dition of  the  Halteridial  infection  iu  the  two  birds  ;  in  spite 
of  the  very  strong  infection  of  Owl  23,  there  were  nothing  like 
so  many  full-grown,  ripe  gametocytes  as  in  Owl  19.  A  living 
preparation  made  from  one  of  these  two  stomachs  was  kept 
under  observation  for  some  time.  Three  ookinetes  in  different 
fields,  all  of  which  had  lost  their  pigment  grains,  were  noted 
at  intervals  during  two  hours,  but  none  of  them  showed  any 
change  in  form  or  the  slightest  indication  of  any  development 
into  one  of  the  fusiform  bodies  or  into  a  flagellate  condition. 
The  preparation  was  again  looked  at  two  hours  later,  with 
the  same  result  in  the  case  of  two  of  the  ookinetes;  the  third 
could  not  be  found.  By  this  time  most  of  the  Flagellates 
seemed  to  be  dead — at  all  events,  only  two  or  three  could  be 
observed,  and  these  were  very  sluggish. 

Altogether,  twenty-six  female  Culex  pipiens  which  had 
fed  on  Owl  23  were  examined,  after  intervals  varying  from 
about  twelve  to  eighty  hours.  Flagellates  were  found  in 
twelve  of  these,  i.e.  in  about  46  per  cent.;  sometimes  they 
were  numerous,  in  other  cases  only  few  were  seen.  On  the 
other  hand,  out  of  thirty-two  females  fed  on  one  of  the  other 
owls  (Nos.  15,  16,  22),  none  of  which  was  infected  with 
Trypanosomes,  the  stomachs  of  which  were  carefully  examined 
after  different  intervals  (thirty-six  to  fifty-four  hours),  in  not 
a  single  case  were  the  parasites  found  !  Two  of  these  birds 
were  quite  free  from  any  Hasmoprotozoan  infection ;  Owl  22, 
however,  had  a  fairly  strong  infection  of  Leucocy tozoon 
ziemanni.     Seven  of  the  thirty-two  mosquitoes   examined 
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had  fed  on  this  latter  bird/  and  in  four  of  them  a  few  of  the 
large  ookinetes  of  Leucocytozoon  were  found.  In  form 
and  appearance  these  were  very  similar  to  the  ookinetes  of 
Halteridium,  but  they  were  considerably  larger.  Those  I 
observed  were  quite  motionless^  and  did  not  change  at  all  in 
shape. 

The  fifty-eight  mosquitoes  examined  were  barely  half  the 
total  number  (about  120)  which  fed  on  blood.  The  mortality 
amongst  these  newly  bred-out  imagines  was  high,  and  it 
appeared  to  make  little  difference  whether  they  took  blood  or 
the  sugar- water,  banana  and  prune  juice  with  which  they 
were  supplied.  More  than  a  quarter  of  those  which  fed  on 
blood  died  during  the  course  of  digestion.  During  the  short 
time  at  my  disposal  I  had,  therefore,  only  very  limited 
material  for  transmission-experiments.  During  the  last  fort- 
night betAveen  fifteen  and  twenty  females  which  had  fed  on 
Owl  23  and  successfully  completed  digestion,  were  given  the 
opportunity  of  feeding  on  an  uninfected  bird  (either  15  or 
16).  To  my  very  great  disappointment,  however,  not  one  of 
these  could  be  induced  to  feed  again.  Some  of  them  drank  a 
little  water,  or  partook  of  the  food-supply  which  was  placed 
in  the  same  cage  for  a  few  hours  during  the  daj'-time  for  the 
males  to  feed  upon;  nevertheless,  many  of  them  gradually 
died  off  during  this  period.  I  was  loath  to  sacrifice  any  more 
for  examination,  hoping  to  the  very  morning  of  my  departure 
from  Rovigno  that  one  or  more  would  bite  again  and  give  me 
the  chance  of  seeing  whether  one  of  the  uninfected  birds 
would  become  infected.  Unfortunately,  the  endeavour  did 
not  succeed.  Owls  15  and  16  accompanied  me  back  to 
England  and  lived  for  many  months — much  longer  than  a 
single  bird  did  at  Kovigno — but  neither  of  them  ever  showed 
any  parasites  at  all. 

While  restricting  myself  to  bred-out  females  for  the  experi- 
mental work,  incidentally  I  examined  a  few  more  caught 
"  wild''  mosquitoes.  None  of  them  was  infected  with  active 
Flagellates  (i.  e.  Trypanosome  developmental  forms), but  again 
1  This  owl  died  on  June  22nd,  so  that  I  had  it  only  ten  days. 
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two  or  three  contained  the  peculiar,  spindle-like  resting  forms, 
above  noted;  in  no  further  instance,  however,  did  I  see  one 
develop  a  flagellum.  I  have  since  wished  that  I  had  been 
able  to  devote  more  time  to  the  study  of  this  parasite,  and  to 
ascertain,  for  example,  whether  it  occurred  in  male  mosquitoes 
also.  But  I  was  intent  on  proving  the  origin  of  the  Flagellates 
which  developed  in  the  blood-fed  females,  and  in  transmitting 
them  back  to  the  birds,  if  possible,  and  this  took  every  minute 
of  my  time,  as  I  had  no  assistance  whatever  and  had  every- 
thing to  do  myself. 


Description  or  the  P/vrasites,  as  they  were  found  in  the 

Mosquitoes. 

(i).  Trypanosoma  noctuae. 

I  pass  on  now  to  describe  the  developmental  phases  of  the 
Avian  parasites  in  the  female  Culex  pipiens,  and  begin 
with  those  of  Trypanosome  noctunae.  Considering  the 
Flagellates,  first  of  all,  as  they  were  seen  in  life,  in  mosquitoes 
examined  about  thirty-six  hours  after  being  fed  on  an  infected 
owl,  the  most  striking  form,  which  at  once  held  my  attention 
on  first  seeing  it,  was  a  very  long,  extremely  slender  type, 
which  progressed  rapidly,  by  means  of  its  flagellum  and  the 
undulating  membrane  along  the  anterior  part  of  the  body. 
The  membrane  appeared  to  be  very  narrow  along  the  middle 
region  of  the  body,  and  on  account  of  this  fact  and  the  active 
movements  of  these  individuals,  I  could  not  determine  exactly 
Avhere  it  ended,  or  whether  this  type  was  trypanomonad 
(crithidial),  or  trypanifoi-m.  In  fixed  and  stained  prepa- 
rations, however,  it  is  seen  to  be  distinctly  and  invariably 
trypaniform  (figs.  13-21).  Nevertheless,  these  attenuated 
trypanosomes  were  entirely  different  in  appearance  from  an 
ordinary,  slender,  elongated  blood-form  of  Trypanosome,  e.g. 
a  piscine  type  such  as  T.  granulosum.  While  the  anterior 
part  of  the  body,  where  the  membrane  was  conspicuous,  was 
sinuous  and  fiexible',  the  hinder  part,  as  a  rule,  nearly  half 
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the  entire  length  or  more,  was  held  quite  stiffly  and  did  not 
appear  to  be  actively  flexible  at  all.  Frequently  it  was 
practically  straight,  but  in  some  individuals  it  was  quite 
carved  round,  like  a  crook  (cf.  figs.  19-21);  this  posterior 
part  would  retain  this  shape,  unaltered,  even  while  the 
parasite  was  moving  rapidly  forwards.  From  a  comparison 
of  stained  preparations  it  is  evident  that  this  portion  of  the 
body  represents  a  prolonged  extension  of  the  cytoplasm 
behind  (posterior  to)  the  kinetonucleus.  In  view  of  my 
observations  on  the  living  parasites,  I  regard  this  cytoplasmic 
^'  tail  "  as  differing  from  the  anterior  half  of  the  body  in 
lacking  anything  of  the  nature  of  myonemes,  and  conse- 
quently any  ability  to  bend  or  twist  of  itself.  I  consider 
that  it  is  only,  as  it  were,  passively  flexible,  and  that  any 
curving  or  bending  is  produced  mechanically,  as  the  result  of 
contact  with  the  blood-cells  and  other  elements  among  which 
the  parasite  happens  to  be  working  its  way.  What  function 
this  remarkable  development  serves,  I  was  not  able  to 
ascertain. 

The  above  type  of  individual  constitutes  a  fair  proportion 
of  the  total  number  of  flagellates  present,  even  at  this  some- 
what early  stage  of  the  development.  The  other  types  of 
parasite  seen  were  for  the  most  part  relatively  short  trypano- 
monad  (crithidial)  forms  and  individuals  representing  every 
possible  transition  between  such  and  the  extremely  attenuated 
forms.  As  is  shown  by  the  fixed  and  stained  preparations 
made  of  stomachs  at  about  this  period,  the  majority  of  these 
intermediate  forms  are  really  trypaniform,  i.e.,  the  kineto- 
nucleus is  on  the  aflagellar  side  of  (posterior  to)  the  tropho- 
nucleus.  The  shorter,  more  typically  trypanomonad  indi- 
viduals resembled  the  commonly  occurring  crithidial  forms 
which  develop  in  cultures  of  an  Avian  trypanosome,  such  as 
I  have  described  in  the  case  of  T.  f ring illin arum.  All 
these  forms  had  what  is  usually  distinguished  as  the  crithidial 
type  of  movement.  Progression  was  in  a  slightly  zig-zag 
manner,  the  flagellum  and  the  anterior  part  of  the  body 
(corresponding  to  the  position  of  the  undulating  membrane) 
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vibrating  actively.  The  movement  of  these  forms  was  not 
nearly  as  rapid  as  that  of  the  long,  slender  individuals. 
Lastly,  other  forms  noted  were  short  and  pyriform,  and 
moved  jerkily,  not  displacing  themselves  to  any  extent; 
these  were  infrequent.  Notwithstanding  the  great  increase 
in  number  of  the  parasites  which  must  have  taken  place 
since  the  blood  entered  the  stomach,  I  found  scarcely  any 
individuals  actually  dividing.  In  one  or  two  cases  I  saw  try- 
panomonad  individuals  with  two  flagella,  and  in  one  instance 
a  pair  of  such  forms  still  connected  together ;  in  another 
instance  which  I  noted,  division  was  markedly  unequal,  a 
short,  pyriform  individual  becoming  separated  off  from  a 
distinctly  larger,  broader,  club-shaped  form. 

At  a  later  period  of  the  development  the  long,  attenuated 
forms  predominate  more  and  more,  until  in  females  examined 
fifty-five  hours  or  subsequently  after  being  fed,  the  stomach 
contained  apparently  only  such  forms  ;  and  this  is  borne  out  by 
the  study  of  fixed  and  stained  preparations  made  of  stomachs 
of  this  period  or  later. 

All  my  observations  on  the  parasites  relate  to  the  stomach - 
phases  of  the  life-cycle  which  occur  between  thirty-two  and 
about  seventy-six  hours  after  the  mosquito  has  fed.  I 
examined  four  females  from  twelve  to  eighteen  hours  after 
feeding  on  Owl  23,  but  I  could  not  find  any  Trypanosomes  at 
this  early  period.  It  would  be  necessary  to  examine  many 
individuals  to  find  the  earliest  changes  in  the  parasites, 
because,  even  if  the  development  is  proceeding  all  right,  the 
Trypanosomes  have  not  yet  had  time  to  multiply  and  give  rise 
to  any  considerable  number  of  parasites ;  and  it  must  be 
remembered  that  only  very  few  Trypanosomes  are  taken  up 
by  the  mosquito  from  the  blood  to  start  with.  Neither  did  I 
find  any  phases  of  the  parasites  in  the  intestine ;  but  this  did 
not  surprise  me,  because  nearly  all  the  mosquitoes  were 
examined,  at  any  rate,  some  time  before  the  stomach  was 
quite  empty.  While  digestion  is  still  going  on,  the  stomach 
is  most  certainly  the  principal,  if  not  the  only  situation  in 
which    the    Trypanosomes    occur.     If    I  had   been   able    to 
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•examine  a  sufficient  number  of  females  after  digestion  had 
been  completed,  or  after  they  had  had  another  meal  of  blood, 
the  parasites  might  have  been  found  in  the  intestine ;  I  shall 
discuss  this  point  later  on.  My  observations  are,  I  am  aware, 
only  incomplete  ;  but  they  were  the  fullest  I  was  able  to  make 
in  the  circumstances,  and  bearing  in  mind  the  chief  objects 
on  which  I  concentrated  my  attention  during  the  short  time 
at  my  disposal,  namely,  to  determine  whether  the  Trypano- 
some-phases  in  the  mosquito  were  derived  from  the  Halteridial 
parasites  or  not,  and  to  bring  about,  if  possible,  the  trans- 
mission of  the  Trypanosomes  back  again  to  the  owl. 

The  Trypanosomes  in  Permanent  Preparations; 
Comparison  with  the  Developmental  Stages  found 
in  Cultures. — I  think,  however,  by  comparing  the  various 
forms  which  I  did  obtain  in  the  mosquito,  with  the  develop- 
ment which  I  have  found  to  take  place  in  cultures,  in  the  case 
of  another  Avian  Trypanosome,  T.  f ringillinarum,  that  a 
general  idea  can  be  arrived  at  of  the  main  course  of  the  natural 
development  in  the  stomach  of  the  insectan  host;  as  already 
indicated,  the  chief  gap  and  element  of  uncertainty  relates  to 
the  earliest  changes  undergone  by  the  parasites. 

I  have  no  hesitation  in  making  use  of  the  cultural  develop- 
ment for  this  purpose,  because  practically  all  the  different 
forms  occur  in  both  cases.  The  reason  it  is  helpful  is  because, 
m  the  culture,  the  development  continues  over  a  much  longer 
period  owing  to  the  fact  that  there  is  no  absorption  of  the 
medium,  such  as  occurs  in  the  insect's  stomach,  and  therefore 
the  intermediate  forms  ;ire  met  with  abundantly  and  stages 
in  division  are  frequent,  the  latter  being  of  much  assistance 
m  determining  the  sequence  of  the  developmental  changes. 
In  the  Culex,  on  the  other  hand,  the  course  of  digestion  is 
comparatively  rapid  and  completed  in  three  to  three  and  a- 
half  days,  by  which  time  the  stomach  is  empty  of  blood.  It 
is  undoubtedly  in  relation  with  this  fact  that  we  find  the  early 
and  intermediate  stages  in  the  development  of  the  parasites 
passed  through  very  quickly,  which  leads  on  to  the  production 
of  the  ultimate  stages  found  in  the  stomach.     This  develop- 

VOL.   60,   PART  3. NEW  SERIES.  29 


410  H.    ]\J.    WOODCOCK. 

ment  proceeds  along  two  Hues,  the  result  being  the  formation 
of  two  extreme  types.  The  great  diiference  in  the  relative 
frequency  of  certain  forms,  on  the  one  hand  in  the  culture, 
and  on  the  other  in  the  mosquito's  stomach,  is  entirely  in 
accordance  with  the  different  conditions  prevailing  in  the 
medium  in  the  two  cases. 

The  earliest  developmental  forms  obtained  are  trypano- 
monad  individuals,  such  as  are  drawn  in  figs.  1-3,  or  h  and  c 
of  the  scheme.  These  are  medium-sized,  fusiform  parasites, 
with  a  distinct  membrane  and  the  two  nuclei  close  togethei*, 
the  kinetonucleus  being  usually  just  posterior  to  the  middle 
of  the  trophonucleus.  Both  nuclei  are  either  about  the 
middle  of  the  body  or  else  slightly  in  the  hinder  part.  This 
type  of  individual  corresponds  exactly  with  a  particular 
crithidial  form  which  occurs  commonly  in  cultures,  such  as 
is  drawn  in  figs,  f'—f  of  the  parallel  series  of  stages  from 
cultures,  which  I  have  reproduced  ^  for  ready  comparison  with 
the  developmental  forms  in  the  mosquito.  In  the  mosquito,, 
however,  even  in  my  earliest  preparations  (about  thirty-two 
hours),  the  number  of  those  trypanonionad  individuals  is 
relatively  very  small.  This  is  in  marked  contrast  to  what  i» 
the  case  in  the  cultures,  where  the  trypanonionad  type  is  by 
far  the  predominating  one.  In  the  cultures  many  of  thes& 
forms  are  distinctly  larger  than  those  with  which  I  compare 
the  mosquito  forms  just  described  (cf .  figs,  h'-d'),  and  havfr 
the  undulating  membrane  often  better  developed.  In  a  small 
proportion  of  them,  moreover,  the  kinetonucleus  is  just  in 
front  of  the  trophonucleus,  instead  of  being  alongside,  a 
condition  which  I  have  not  observed  in  this  phase  in  th& 
mosquito. 

As  regards  the  immediate  origin  of  these  trypanomonad 
forms  in  the  stomach,  I  think  it  is  most  probable  that  they 
arise  by  the  division  of  rather  larger,  but  otherwise  similar 
forms.  As  is  seen  very  clearly  from  the  full  series  of  the 
crithidial  forms  figured  in  my  memoir  (1.  c,  Pis.  27,  29),  the 

'  All  these  figiu-es  of  cultural  forms  are  taken  from  my  Memoir  in 
the  '  Quart.  Journ.  Micr.  Sci.,'  vol.  55,  1910,  pi.  27,  29,  or  30. 


STUDIES    OX    AVIAX    H.EMOPROTOZOA.  411 

division  of  the  larger  (earlier)  iudividuals  is  at  first  by  practi- 
cally equal  binary  fission,  the  only  inequality  being  that  the 
daughter-flagellum  may  be  shorter  than  the  parent  one  (cf . 
figs,  e'-g'  of  the  scheme,  PI.  31).  Unfortunately  I  have  not 
found  any  typical  trypanomonad  individuals  in  the  act  of  the 
dividing  in  my  preparations,  but,  as  already  mentioned,  I 
observed  an  instance  in  life  in  which  the  parasite  was  just 
completing  division,  and  in  a  condition  practically  identical 
with  that  seen  in  fig.  g' . 

However,  I  have  very  little  doubt  that  the  division  of  these 
trypanomonad  individuals  with  the  nuclei  about  the  middle  of 
the  body  is  almost,  if  not  quite,  finished  by  the  time  of  my 
earliest  preparations.  Because  there  are  very  few  forms  still 
left  in  this  phase  of  the  development;  most  of  the  parasites 
occurring  ai-e  individuals  which  have  lost  the  trypanomonad 
condition  already  and  become  trypaniform,  and  are  either  at 
some  stage  in  the  development  of  the  elongated,  attenuated 
trypanosome-phase,  or  have,  in  fact,  attained  the  latter.  I 
have  been  able  to  find,  in  stomachs  of  from  thirty-two  to 
thirty-six  hours,  a  regular  series  of  transitional  forms  in  this 
connection  (cf .  PI.  29,  figs.  4-10).  The  elongated  trypaniform 
condition  is  reached  by  a  progressive  modification  of  the  form 
of  the  above  trypanomonad  individuals.  I  think  this  change 
is  most  probably  unaccompanied  by  further  division,  at  any 
rate,  to  any  extent ;  otherwise,  I  ought  to  have  found  some 
indication  of  the  process,  as  the  parasites  are  fairly  numerous, 
and  all  degrees  in  the  gradual  change  of  the  type  of  form  are 
to  be  met  with. 

The  earliest  change  is  the  passage  of  the  kinetonucleus, 
and,  of  course,  of  the  blepharoplast  and  attached  flagellum, 
definitely  behind  the  trophonucleus,  the  latter  retaining  its 
position  (figs.  4  and  5).  Next,  the  general  cytoplasm  in  the 
posterior  halt'  begins  to  increase  considerably  in  length ;  in 
this  way  the  parasite  becomes  longer,  but  it  does  not  increase 
much  in  breadth.  On  the  contrary,  as  the  length  increases, 
the  body  becomes  ultimately  not  only  relatively,  but  actually 
narrower  and  more  slender.    The  change  is  most  probably  the 


412  H.    M.    WOODCOCK. 

result  of  two  factors  combined,  namely,  growth  to  some 
extent,  and  a  thinning-out  of  the  general  cytoplasm.  The 
latter  factor  is  evident  from  the  change  in  the  form  of  the 
trophonucleus.  This  body,  in  the  earl}^  stage,  has  the  shape 
of  a  shoi't  and  broad  oval  (figs.  4-6)  ;  as  the  trypaniform 
condition  develops  it  becomes  elongated,  and  appears  as  a 
narrow  oval,  compressed  laterally  (figs.  7-10).  Meanwhile  the 
kinetonucleus  has  passed  well  back  behind  the  trophonucleus, 
but  it  never  approaches  anywhere  near  the  posterior  end  of 
the  body,  the  extension  of  the  cytoplasm  backwai-ds,  as  the 
''tail"  develops,  being  so  great  (figs.  8-12).  Tiie  final 
position  of  the  kinetonucleus  is  usually  about  the  middle  of 
the  body,  or  slightly  in  the  posterior  half.  Nevertheless,  the 
attached  flagellum  and  the  membrane  are  relatively  long ; 
the  membrane  is  always  narrow  and  rarely  at  all  wavy. 
Although,  as  the  parasite  assumes  its  final  attenuated  con- 
•dition,  the  anterior  part  of  the  body  also  becomes  thinned  out 
and'  tapering,  it  does  not  appear  to  increase  in  length  to  any- 
thing like  the  extent  that  the  posterior  half  does ;  so  that  the 
trophonucleus  lies,  as  a  rule,  distinctly  in  the  anterior  part  of 
the  body,  at  times  comparatively  near  to  the  anterior  end 
(cf.  figs.  13-20). 

As  the  final  stage  in  the  development  of  this  form  is  nearly 
attained,  a  characteristic  change  usually  occui's  in  the  appear- 
ance of  the  trophonucleus.  This  organella,  which  has  already 
become  narrowed  and  compressed,  becomes  broken  up  into 
many  oblong  or  rather  rod-like  blocks,  arranged  with  their 
length  transversely  to  the  long  axis  of  the  body  of  the  parasite, 
thus  giving  the  whole  nucleus  a  remarkable  ladder-like 
appearance  (figs.  13-17).  Apparently  this  change  repre- 
sents really  the  break-up  of  the  original  large  karyosome, 
which  is  not  seen,  as  a  rule,  in  the  nucleus  when  stained  by 
Oiemsa,  into  several  small  karyosomes  arranged  in  a  row. 
This  is  shown  by  the  comparison  of  wet-fixed  preparations 
stained  by  iron-hfematoxylin,  in  which  slender  elongated 
trypaniform  individuals,  approaching  the  final  form,  have, 
instead   of  one  large  karyosome  (as  in  Text-fig.  1  a),  four  or 
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more  small  karjosomatic  bodies  (Text-fig.  lb).  Probably 
eacli  rod  or  block  in  the  Griemsa-stained  parasites  corresponds 
to  a  karyosomatic  grain  of  the  greatly  extended  tropho- 
nucleus.  Whether  this  change  in  the  nucleus  is  absolutely 
necessary  before  the  final  form  can  be  said  to  be  completely 

Text-fig.  1. 


X  1600.  Stages  of  Trypanosoma  noctuse  in  the  mosquito, 
showing  different  conditions  of  the  troi^honucleus  (from  wet- 
fixed  film,  stained  by  iron-hajmatoxylin).  A.  Intermediate 
trypaniform  phase.  The  karyosome  of  the  trophonucleus  is 
apparently  budding  off  a  small  daughter  karyasome.  B.  Ap- 
proximately final  (propagative)  form.  There  are  five  distinct 
karyosomes  forming  the  elongated  trophonucleus. 

formed,  I  do  not  feel  certain  ;  occasionally  individuals,  which 
in  other  respects  seem  to  have  reached  the  final  stage,,  are 
found  where  the  nucleus  is  not  ladder-like  (cf .  figs.  19-21). 

In  my  preparations  of  stomachs  of  fifty-five  hours  or  later, 
scarcely  any  intermediate  changes  are  present,  practically  all 
the  individuals  having  attained  the  attenuated  trypaniform 
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conditiou.  These  are  certainly  very  striking  in  appearance  ; 
their  thread-like  form  can  be  judged  from  the  fact  that  their 
length  is  generally  from  52  to  56  fi,  while  they  are  rarely 
more  than  Ifx  broad  at  the  widest  part,  and  often  scarcely 
that !  Superficially,  they  almost  deserve  the  name  of  spiro- 
chfetiform  Trypanosomes,  were  that  not  so  very  misleading. 
The  half  of  the  body  in  front  of  the  kinetonucleus — the 
actively  motile  part — is  frequently  spirally  twisted  or  coiled  to 
some  extent ;  while  the  long,  passive  cytoplasmic  "  tail '' 
behind  the  kinetonucleus  may  be  either  practically  straight 
(figs.  13,  14,  18  and  20)  or  bent  up  on  itself  in  a  curve 
(figs.  15-17,  19  and  21). 

The  above-described  trypaniform  type  also  occurs  in  the 
cultural  development.  I  have  obsei'ved  individuals  both  in  the 
intermediate  condition,  and  in  what  undoubtedly  corresponds 
to  the  ultimate  form  attained  in  the  mosquito's  stomach  (cf . 
figs,  h'-ni).  It  is  important  to  note  that  the  proportion  of 
such  forms  to  thetrypanomonad  individuals  in  the  cultures  is 
just  the  reverse  from  what  is  the  case  in  the  mosquito  after 
thirty-two  hours.  This  provides  a  very  interesting  com- 
mentary on  the  course  of  the  cultural  development  as  compared 
with  that  of  the  natural  one.  AVhereas,  in  the  latter,  the 
enviromental  conditions  favour  and  lead  on  to  the  produc- 
tion of  the  attentuated  trypaniform  type,  by  the  modifica- 
tion of  the  ordinary  trypanomonad  individuals,  in  the  cultures 
there  is  not  the  same  stimulus  (the  approaching  completion  of 
digestion)  to  the  production  of  this  form,  and  in  consequence 
it  is  only  developed,  as  it  were,  in  isolated  instances ;  the 
multiplicative  {"  crithidial  ")  form,  on  the  other  hand,  per- 
sists and  increases  in  numbers,  far  beyond  what  occurs 
under  the  natural  conditions.  The  intermediate  forms  in  the 
cultures  resemble  closely  the  corresponding  individuals  from 
the  insect's  stomach  (cf.  figs.  e-g).  The  few  final  forms 
Avhich  I  have  found  (fig.  m)  also  agree  quitefobviously  in  their 
chief  features;  there  is  the  same  long,  cytoplasmic  "tail," 
and  even  the  ladder-like  nucleus  may  be  developed.  The 
principal  difference  is  that  the  individuals  in  the  cultures  are 
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much  broader  relatively  than  the  natural  "  spirochaatiform  " 
individuals ;  their  body  has  apparently  more  bulk.  1  think 
this  is  simply  an  indication  that  these  forms  have  grown 
more  in  the  cultural  medium  than  they  do  in  the  stomach  ; 
and  division  having  most  probably  ceased,  the  result  is  the 
mai'ked  increase  in  "  girth." 

To  consider  next  the  other  line  of  development  followed  by 
the  parasites  in  the  mosquito,  this  pi'oceeds  also  from  the 
original  type  of  trypanomonad  individual,  by  a  modification  in 
form  and  the  mode  of  division.  Here,  again,  I  think  the 
course  of  events  can  be  understood  from  the  cultural  develop- 
ment. In  certain  of  the  ordinary  trypanomonad  individuals, 
the  nuclei  show  a  tendency  to  be  in  the  hinder  part  of  the 
body.  This  may  be  in  the  first  place  due  to  a  slight  oblique- 
ness in  the  direction  in  which  the  preceding  nuclear  division 
has  occurred.  At  any  rate,  in  such  individuals  the  direction 
of  the  nuclear  division  is  usually  oblique,  and  we  find  not  only 
the  persistence  of  the  nuclei  in  the  hinder  part  of  the  body, 
but  a  distinct  tendency  already  for  the  division  of  the  body 
to  be  slightly  unequal  (cf.  fig.  n).  These  individuals  with  the 
nuclei  definitely  in  the  posterior  half  of  the  body  pass,  or 
grow  into  the  characteristic  club-shaped  forms,^  the  general 
body-protoplasm  tending  to  be  concentrated  in  the  region  of 
the  nuclei  (fig.  o').  Xow,  in  these  forms,  the  division  is 
always  markedly  unequal.  It  is  important,  I  think,  to  note 
this  particular  point,  that  where  the  nuclei  are  situated  about 
the  middle  of  the  body,  the  division  is  practically  equal  (as  in 
the  ordinary  trypanomonad  individuals)  ;  where,  on  the  other 
hand,  the  nuclei  are  distinctly  in  the  hinder  part  of  a  club- 
shaped  individual,  the  division  of  the  cytoplasm  is  unequal. 
This  is  seen  in  figs,  p'  and  q  of  my  scheme  and  also  in  several 
other  figures  in  my  memoir  (12).  I  consider  this  mode  of 
division  is  primarily  due  to  the  drawn-back  position  of  the 
nuclei,  and  consequently  of  the  blepharoplasts,  and  to  the 
fact  that  the  new  daughter-flagellum  is,  at  any  rate,  lai-gely 

'  I  formerly  distinguished  these  by  the  cumbrous  term  of  '"  accentu- 
ated trypanomonad "'  individuals. 


416  H.    M.    WOODCOCK. 

formed  by  free,  independent  growth.  Individuals  which  are 
manifestly  the  product  of  a  similar  division  are  seen  in  figs. 
r  and  /'. 

Now,  what  I  have  found  in  the  mosquito  agrees  entirely 
with  the  above  description.  One  of  the  earliest  stages  along 
this  line  of  development  is  the  characteristic  club-shaped 
trypanomonad  form  of  fig.  22,  or  A:.  This  individual  corre- 
sponds very  closely,  it  will  be  seen,  to  that  of  fig.  d  or  j)  ;  it 
is  almost  ready  for  division.  As  remarked  in  my  account  of 
the  living  observations,  I  saw  one  instance  of  such  a  form  in 
the  act  of  unequal  division.  The  smaller  of  the  daughter- 
individuals  about  to  result  was  a  short,  pear-shaped  form,  with 
scarcely  any  membrane;  the  larger  one  was  a  rather  club- 
shaped  individual,  long  and  tapering,  and  probably  with  a 
long,  narrow  membrane  (cf.  fig.  ([).  Unfortunately,  I  have 
not  obtained  any  examples  of  individuals  just  dividing  in  my 
permanent  preparations;  in  view,  however,  both  of  the  living 
observation  and  of  the  fact  that  numerous  individuals 
belonffing-  to  both  the  distinct  forms  which  are  produced  bv 
such  division  occur  in  my  preparations  (cf.  figs.  24,  26,  and 
again,  figs.  23,  25),  I  cannot  doubt  that  such  unequal  division 
takes  place  as  a  normal  and  typical  phase  of  the  development 
in  the  mosquito. 

By  further  division  of  the  lai-ger  daughter-individual 
(possessing  the  long  membrane),  smaller  forms  are  produced 
(tigs.  30-32  or  n  and  o) ;  these  can  at  first  be  recognised  as 
corresponding  to  one  or  the  other  of  the  two  types,  but  in  the 
smaller  individuals  the  distinction  between  the  daughter- 
forms  tends  to  be  less  marked.  Here  and  there  I  have  found 
a  stout  pyriform  individual,  one  of  the  early-developed  pear- 
shaped  daughter-forms,  just  about  to  divide,  after  further 
growth  (fig,  27)  ;  and  also  a  quite  small  parasite,  one  of  the 
ultimate  stages,  I  should  say,  undergoing  division  (fig.  34). 
There  can  be  no  doubt  that  this  line  of  development  leads 
ultimately  to  the  production  of  small,  pear-shaped  or  oval 
parasites,  with  the  nuclei  close  together  and  situated  about 
the  middle  of  the  body,  or  nearer  the  posterior  end,  and  with 
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the  flagellum  draAvn  back  but  with  practically  no  membrane 
(figs.  29,  32  and  33).  Here  we  have,  unmistakably,  the 
haptomonad  phase  of  the  Trjpanosome,  as  I  have  jDroposed 
(16)  to  term  the  so-called  "  gregariniform "  phase,  which 
serves  for  attachment  (and  coincident  multiplication).  It 
these  figures,  for  instance,  are  compared  with  certain  of  the 
text-figures  in  my  description  (15)  of  Leptomonas  fas- 
ciculata,  as  I  found  this  parasite  in  Culexpipiens,  it 
will  be  perfectly  clear  that  they  represent  the  corresponding 
phase  of  the  Flagellates  in  both  cases.  This  agreement,  I 
may  incidentally  mention,  affords  an  excellent  example  in 
favour  of  the  point  I  have  urged,  that  from  the  haptomonad 
phase  alone  (having  regard  only  to  the  morphology)  it  cannot 
be  said  with  certainty  whether  a  particular  Insectan  parasite 
represents  a  Leptomonad,  a  Crithidia  or  a  Trypanosome. 

From  the  above  account  it  is  clear  that  the  early  develop- 
ment of  Trypanosome  noctuEe  in  the  mosquito  culminates 
in  the  production  of  two  distinct  and  extreme  types.  Whether 
the  above  description  includes  all  the  modifications  of  form 
which  occur  in  the  life-cycle  in  the  Insectan  host,  I  am  not 
able  to  say.  I  think,  however,  that  it  is  not  difficult  to  intei'- 
pret  the  significance  of  the  end-stages,  and  if  the  view  I 
favour  is  correct,  any  further  stages  in  the  life-history  repre- 
sent in  the  main  a  repetition,  or  re-development  of  the  above 
sequence  of  forms,  consequent  on  the  persistence  of  the  para- 
sites in  the  mosquito  and  their  response  to  fresh  meals  of 
blood. 

The  haptomonad  forms  most  probably — as,  indeed,  is 
implied  by  thus  designating  them — become  attached  to  some 
part  of  the  wall  of  the  alimentary  canal,  lose  practically  all 
the  flagellum  and  enter  upon  the  resting  phase  ;  "  resting,'"' 
that  is  to  say,  as  regards  locomotion,  but  not  in  regard  to 
nutrition  or  multiplication.  I  think  there  is  no  reason  to 
doubt  that  the  chief  situation  favoured  by  these  hapto- 
monads  for  attachment,  as  the  digestion  becomes  finished,  is 
the  anterior  end  of  the  stomach  and  especially  the  invagi- 
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nated  epithelium  of  the  proventriculus,  as  was  so  graphically 
described  by  Schaudiun  (10)  and  illustrated  by  him  in  Text- 
fig.  14.  Just  because  the  parasites  were  in  this  situation,  I 
feel  sure  that  in  regard  to  this  point  Schaudinn's  account 
relates  to  actual  developmental  phases  of  T.  noctute  and  not 
to  a  purely  Insectan  form  (such  as,  possibly,  Leptomonas 
fasciculata).  In  the  case  of  the  latter,  on  the  other  hand, 
the  haptomonad  forms  are  restricted  to  the  intestine  apparently. 
Whether  the  haptomonad  phase  of  T.  noctuee  also  invades 
the  intestine  to  any  extent,  I  am  unable  to  say ;  considering 
that  these  forms  tend  to  mass  themselves  at  the  anterior 
end  of  the  stomach,  it  is  quite  likely  that  they  do  not — 
unless  they  are  also  able  to  form  cysts  for  passage  to  the 
exterior. 

Returning  now  to  the  first  line  of  development,  what  is  the 
further  destiny  of  the  remarkable  thread-like  individuals  ?  1 
am  decidedly  of  the  opinion  that  they  represent  the  propaga- 
tive  phase  of  the  Trypanosome  in  the  mosquito,  the  form, 
that  is,  in  which  the  parasite  is  finally  transmitted  back  again 
by  inoculation  to  the  owl.  Unfortunately,  I  have  no  proof  of 
this,  but  certain  considerations  point  strongly  to  this  being 
the  right  explanation  of  the  significance  of  the  above  very 
characteristic  type.  In  the  first  place,  a  brief  comparison 
with  the  known  course  of  the  life-history  in  piscine  Tr^^pano- 
somes  is  most  suggestive.  It  has  been  recognised  for  some 
time  that  a  given  species  of  fish  Trypanosome  shows — at  all 
events,  in  many  cases — very  considerable  polymorphism  during 
that  part  of  the  cycle  undergone  in  the  blood  of  the  Verte- 
brate host;  thus  certain  individuals  of  a  species  maybe  quite 
small,  slender  forms  (representing  a  young  stage),  others 
large,  massive  forn>s,  with  all  intermediate  grades  between 
cf.  T.  granulosum,  T.  percse,  Minchin  [3]).  Now  I 
have  shown  that  the  same  pronounced  polymorphism  also 
obtains  in  Avian  Trypanosomas  (vide  [12]  and,  with  Minchin 
[5).  "Whereas  earlier  writers  frequently  described  a  small 
form  from  a  particular  host  as  one  species,  and  a  large,  massive 
form  from  the  same  host  as  another  species,  the  true  meaning 
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of  these  different  types  is  that  they  are  different  stages  in  the 
life-history  of  one  species.  Thus  the  large,  massive,  "  blue  " 
Trypanosomes  of  the  little  owl,  originally  described  under 
the  name  T.  ziemanni,  and  connected  by  Schaudiun  with 
L  e  u  c  o  c  y  t  o  z  o  o  n  ziemanni,  are  really  on  ly  the  large  forms 
of  T.  noctua3  and  not  a  separate  species  at  all.  And  a 
corresponding  great  variation  in  form  and  size  is  found  in 
T.  f ringillinarum,  in  the  chaffinch.  Hence  there  is  a 
strong  family  resemblance  between  piscine  and  avian  Try- 
panosomes, as  regards  the  types  met  with  in  the  Vertebrate 
host;  and  it  seems  quite  clear  that  both  belong  to  the  same 
group  or  division  of  Trypanosomes,  and  stand  somewhat  apart 
from  Mammalian  forms,  for  instance.  Turning  now  to  the  life- 
cycle  of  piscine  forms  in  leeches,  which  has  been  fully  worked 
oat  by  Miss  Robertson  in  two  or  three  cases  (e.g.  T.  raise 
in  Pontobdella  [7  and  8],  T.  danilewskyi  in  Hemi- 
clepsis  [9],  it  is  found  that,  after  a  varying  period  of  multi- 
plication by  the  parasites  in  the  trypanomonad  (crithidial) 
phase,  as  the  digestion  approaches  completion — the  time 
occupied  varying  considerably  according  to  the  conditions — a 
trypaniform  t3^pe  is  developed,  which  becomes  very  elongated 
and  slender.  This  passes  forwards  from  the  crop  into  the 
proboscis-sheath,  and  is  the  propagative,  inoculative  form, 
which  transmits  the  infection  to  a  fresh  fish. 

This  type  of  form  is  essentially  similar  to  that  above 
described  in  Culex,  the  significance  of  which  I  believe  to  be 
also  the  same;  in  the  leech  it  does  not  apparently  attain  the 
same  degree  of  tenuity  and  the  remarkable  thread-like 
appearance  which  it  does  in  the  mosquito,  but  it  may  at  times 
show  the  same  peculiar  ladder-like  nucleus.  It  may  at  first 
be  thought  that  from  thirty-four  hours  onwards  is  too  soon 
for  the  final,  propagative  form  in  the  mosquito  to  be  already 
present.  But  this  rapid  development  appears  quite  explicable 
when  the  habits  of  the  mosquito  are  considered.  Unlike  most 
of  the  Invertebrate  hosts  (transmissive  agents)  of  Trypano- 
somes, mosquitoes  do  not  feed  solely  on  blood.  On  the  con- 
trary, it  is  generally  recognised  that,  so  far  as  the  species  of 
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temperate  climates  are  concerned,  meals  of  blood  are  not  by 
any  means  the  rule,  and  in  many  cases  only  taken  in  con- 
nection with  the  development  of  the  eggs.  In  the  case  of 
most  females  blood  appears  to  be  necessary  for  this  purpose  ; 
it  certainly  is  so  in  Culex  pipiens,  and  as  I  have  recently 
shown  (I.  c),  two  meals  of  blood  will  suffice  to  bring  about 
the  growth  and  oviposition  of  the  fertilised  ova.  After  laying 
one,  or  perhaps  two,  batches  of  eggs,  most  of  the  females 
either  die  or  go  into  hibernation.  Hence,  it  is  perfectly  clear 
that  unless  the  propagative  phase  of  the  Trypanosome  is 
developed  in  time  for  inoculation  at  the  second  (or  at  most 
the  third)  meal  of  blood,  the  chances  of  the  parasite  passing 
back  to  the  bird  are  very  uncertain — an  entirely  different 
state  of  affairs  from  what  is  the  case  among  tsetses  or 
leeches.  For  the  above  reasons,  therefore,  I  think  there  is  no 
difficulty  in  assuming  that  the  thread-like  "  spii'ochtetiform  '^ 
individuals  which  I  have  described  represent  the  inoculative 
type,  or  in  understanding  their  early  development  in  the 
mosquito. 

While  I  consider  it  is  quite  likely  that  these  forms  are 
inoculated  again  into  the  blood  at  the  second  time  of  feeding, 
I  do  not  overlook  the  possibility  that  they  (or  some  of  them) 
pass  first  into  some  other  organ  of  the  mosquito  (such  as  the 
salivary  glands,  or  oesophageal  diverticula),  and  there  await 
a  third  meal;  but  this  has  still  to  be  ascertained.  I  do  think, 
however,  Schaudinn  was  mistaken  in  stating  that  the  Try- 
panosomes  cannot  be  transmitted  back  again  to  the  owl  until 
the  fourth  meal  inclusive.  I  should  say,  if  the  parasites  had 
to  wait  until  the  mosquito  took  a  fourth  meal  of  blood,  they 
would  rarely,  if  ever,  have  the  opportunity  of  getting  back 
again  at  all,  unless,  perhaps,  they  were  in  a  female  which  was 
going  to  hibernate.  It  is  obvious  from  Schaudinn's  account 
tiiat  he  was  following  chiefly  the  multiplication  of  the  parasites 
in  the  haptomonad  condition  (vide  his  description  of  their 
attachment  in  vast  numbers  to  the  walls  of  the  alimentary 
canal).  Schaudinn  does  not  appear  to  have  seen  the  real 
propagative    phase    at    all  !       He    nowhere     describes    the 
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attenuated  forms  with  the  characteristic  cytoplasmic  "  tail  " 
(cf .  on  the  other  hand,  Mayer's  account,  referred  to  below). 
Schaudinn's  slender,  "  spirochjetiform "  individuals,  Avhich 
he  describes  under  "  Spirochaeta  "  (Trypanosoma 
ziemanni),  agree  fairly  well  with  the  intermediate  try- 
paniform  stages  in  the  development  of  the  final  type  (such  as, 
e.g.  figs.  7  and  8)  ;  but  I  must  add,  nothing  has  astonished 
me  more  than  the  lack  of  close  correspondence,  in  the  main, 
between  the  different  forms  of  the  Trypanosome  occurring  in 
the  mosquito,  as  Schaudinn  figured  them,  and  as  1  have  found 
them. 

II.    The     Ookinetes     of     Halteridium     noctute     and 
Leucocy tozoon  ziemanni. 

A  few  words  next  concerning  the  ookinetes  of  Halteri- 
dium and  Leucocy  tozoon,  as  they  occur  in  my  permanent 
preparations.  As  regards  their  general  appearance,  I  have 
little  to  add  to  the  description  previously  given  by  Mayer 
(I.e.).  The  ookinetes  of  both  forms  are  fundamentally 
similar  in  type,  as  was  of  course  to  be  expected,  considering 
that  two  essentially  similar  parasites  are  concerned.  In  both 
cases  the  body  is  very  frequently  more  or  less  coiled  up  in  the 
form  of  a  C.  Practically  the  only  difference  between  the  two 
is  that  the  ookinetes  of  Leucocy  tozoon  are  much  larger, 
especially  in  regard  to  length,  than  are  those  of  Halteri- 
dium (c.  f .  figs.  35-40  and  41  and  42). 

In  my  preparations  of  the  Culex  which  fed  on  Owl  19, 
made  from  thirty-three  to  thirty-six  hours  after  feeding,  the 
ookinetes  of  Halteridium  are  very  numerous.  In  prepara- 
tions made  from  mosquitoes  which  fed  on  Owl  23,  ookinetes  are 
also  usually  to  be  found  (up  to  thirty-six  hours),  but  they  are 
very  scanty ;  this  difference  is  due  to  the  different  conditions 
of  the  infection  in  the  two  owls  respectively  (see  above,  pp.  400- 
401).  Speaking  generally,  all  the  ookinetes  observed  are  in 
the  same  phase  of  development,  and  with  one  or  two  exceptions 
have  lost  all  the  pigment.     In  none  of  them  is  anything  like 
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a  kinetonucleus,  let  alone  a  developing  flagellum,  recognisable. 
In  a  certain  number  a  small  chromatinic  area,  or  clump  o£ 
chromatinic  grains,  is  present,  in  addition  to  the  nucleus  (figs. 
35  and  36) ;  but  these  stain  quite  similarly  to  the  nucleus, 
and  in  no  case  have  the  characteristic  appearance  of  a  kineto- 
nucleus,  as  seen  when  stained  by  Giemsa  (contrast  the  '^  resting 
flagellates  "  referred  to  below).  Unfortunately  I  am  unable 
to  say  whether  the  nucleus  possesses  a  central  karyosome  or 
not,  but  at  any  rate  there  is  certainly  no  excentric  or  extra- 
nuclear  karyosome,  such  as  occurs  at  certain  periods  both  in 
Halteridium  and  Leucocytozoon  when  in  the  blood, ^  and 
which  often  sitnulates  a  kinetonucleus  in  so  marked  a  manner 
that  it  was  formei'ly  mistaken  for  one,  until  I  showed  clearly 
(14)  what  its  true  significance  was.  Frequently  the  ookinete 
shows  one  or  two  vacuoles  in  the  cytoplasm;  I  have  not  been 
able  to  find  any  ookinetes  in  my  preparations  of  mosquitoes 
which  were  made  later  than  fifty-four  hours  after  feeding. 

I  have  only  come  across  very  few  ookinetes  of  Leuco- 
cytozoon on  my  smears;  I  was  generally  able  to  find  one 
or  two  during  the  living  examination  of  the  stomachs  of 
mosquitoes  which  had  fed  on  an  owl  infected  with  this 
parasite,  but  unfortunately  in  several  cases,  owing  to  their 
scantiness,  I  have  not  succeeded  in  obtaining  any  on  the 
permanent  slides  made.  Those  I  have  found  are  all  practi- 
cally similar  in  form  and  size  (figs.  41  and  42).  The  nucleus 
is  always  situated  fairly  near  to  the  more  rounded  end  of  the 
body,  as  it  is  also  in  Halteridium  ;  it  varies  in  size  to  some 

'  Reichenow,  in  a  note  on  Leucocytozoon  ziemanni  in  his 
account  of  the  Hsemogi-egarines  in  '  Handb.  d.  Path.  Protozoen '  (6) 
states  that  lie  was  unable  to  find  a  kaiyosome  in  the  male  ganietocytes. 
As  I  showed  in  my  "  Notes  on  Sporozoa,"  published  about  the  same 
time,  there  is  certainly  such  an  organella  present,  excentric  or  even 
extranuclear  as  in  the  female  forms.  It  is  unmistakable  in  prepara- 
tions stained  by  iron  hsematoxylin,  but  it  is  rarely  shown  in  Giemsa 
smears.  Reichenow  does  not  say  whether  the  figure  he  gives  is  from  a 
Giemsa  smear  or  not,  but  from  its  general  appearance  (e.g.  the  hyper- 
trophied  host-cell  nucleus  stains  quite  differently  after  iron-haema- 
toxyUn),  I  should  say  it  was. 
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extent.  Xow  and  again  separate  chromatinic  granules  occur 
close  to  it  (cf .  fig,  42).  In  these  ookine4;es,  also,  one  or  two 
vacuoles  are  often  present.  None  of  the  ookinetes  of  Leuco- 
cy  tozoon,  any  more  than  those  of  Halter idi um,  are  in  any 
later  stage  of  development.  I  have  not  seen  the  least  indica- 
tion of  the  remarkable  skein-like  formation  so  graphical]}- 
described  by  Schaudinn,  accompanied  by  nuclear  multiplica- 
tion and  the  eventual  development  of  a  number  of  very  small 
Trypanosomes  !  I  must  say  that  I  doubt  very  much  now  the 
correctness  of  all  this. 

III.   The  '^Resting  Flagellates." 

As  was  described  in  the  account  of  the  living  observations 
(see  above,  pp.  401-402),  in  a  small  number  of  female  Culex 
pip i ens  caught  wild,  which  Avere  examined  at  an  early  stage 
of  the  experimental  Avork  before  I  restricted  myself  to  the  use  of 
bred-out  mosquitoes,  certain  characteristic  and  rather  peculiar 
motionless  bodies  were  sometimes  present.  I  have  mentioned 
how  on  one  occasion  such  resting  forms  Avere  actually  seen 
to  develop  into  active  flagellates,  and  the  temporary  illusion 
fostered  by  the  observation.  But  not  only  Avere  they  seen  in 
the  first  "  Avild  female/'  Avhich  fed  on  Owl  19,  well  infected 
with  Halteridia,  they  also  occurred  now  and  again  in  females 
which  had  fed  on  an  uninfected  bird,  or  which  \A'ere  examined 
before  being  alloAved  to  feed  on  a  bird  at  all !  Hence,  what- 
ever their  origin,  there  is  no  reason  for  associating  them  Avith 
Halteridium.  For  some  cause  or  other,  AA-ith  the  above- 
noted  exception,  these  resting  forms  Avere  neA'er  observed  to 
become  active,  nor  were  active  flagellates  corresponding  to 
them  ever  found. 

In  my  permanent  preparations,  practically  all  these  para- 
sites occur  in  the  resting  condition  (figs.  43-45)  :  in  one  or 
two  instances,  hoAveA'er,  there  is  an  unmistakable  vfAvy 
border  in  the  anterior  part  of  the  body,  accompanied  by  a 
drawn-out,  tapering  anterior  end  (figs.  46-47).  I  am  strongly 
of  the  opinion  that  the  flagellum  is  actually  developed  in  both 


424  H.    M.    WOODCOCK. 

these  cases,  but  it  is  difficult  to  be  quite  certain  because  for 
some  reason  or  otlier,  it  has  not  stained  red  in  the  usual 
manner  after  Giemsa.  Especially  in  the  individual  drawn  in 
fior,  47,  however,  a  definite  line  is  evident  along  one  edge  of 
the  anterior,  tapering  part,  which  is  continued  free  for  a  short 
distance,  which  in  all  probability  represents  a  flagellum. 
The  general  appearance  of  these  forms,  moreover,  closely 
resembles  that  of  the  particular  individual  referred  to  above, 
just  the  instant  before  a  well-marked,  free  flagellum  became 
apparent.  I  think  no  one  can  have  any  doubt  that  these  are 
really  Flagellates,  because  they  are  certainly  binucleate 
1'oi-ms ;  in  all  cases,  a  definite  kinetonucleus  is  present, 
usually  immediately  in  front  of  the  trophonucleus,  which 
has  the  characteristic  staining  reaction  to  Giemsa.  It  may 
be  pointed  out  that  there  is  no  question  of  this  element  being 
a  karyosome,  because,  the  karyosome  of  the  nucleus  can  at 
times  be  seen,  appearing,  as  is  always  the  case  in  Giemsa- 
staiued  smears,  as  a  clearer  area,  with  a  distinct  centriole  in 
the  middle  (cf .  figs.  43  and  46).  The  cytoplasm  always  stains 
inore  darkly  and  much  more  bluish-purple  in  tint  than  any  of 
the  developmental  phases  of  Trypanosoma  noctuse,  in 
which,  by  the  way,  aflagellate  phases  appear  to  be  entirely 
lacking.  In  all  my  experience  of  crithidial  forms,  whether 
as  developmental  phases  of  Ti-ypanosomes,  or  "^  Crithidial " 
parasites,  I  have  never  observed  any  in  which  the  cytoplasm 
stains  in  this  peculiar  dark  manner,  or  in  which  the  flagellum 
is  so  faint. 

This  parasite  is  certainly  a  crithidial  form;  this  is  evident 
from  the  contiguity  of  the  two  nuclei  about  the  middle  of  the 
body,  as  well  as  from  the  distinct  undulating  membrane, 
where  an  individual  is  in,  or  about  to  assume,  the  active 
condition.  In  one  respect  it  appears  to  be  unique,  i.  e.,  in 
being  non-flagellate,  and  moreover,  without  any  trace  of  a 
rhizoplast,  and  quite  motionless,  when  still  possessing  the 
elongated,  fusiform  shape,  which  is  always  associated  in 
other  Flagellates  of  this  kind,  with  the  active,  flagellated  con- 
dition ;  in   all   other  cases  of  which  I  am  aware,  when  the 
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parasites  are  "  resting  "  and  uon-flagellate  they  are  in  the 
short,  more  or  less  oval,  haptomonad  phase.  This  form  does 
not  agree  with  any  of  the  "  Crithidi^e "  hitherto  described 
from  mosquitoes ;  until  more  is  known  about  it  I  am  inclined 
to  regard  it  as  a  distinct  parasite.  At  present  I  have 
obtained  the  impression  that  this  may  be  a  purely  Insectan 
form,  a  parasite  more  particulai-ly,  perhaps,  of  the  larval 
Culex.  Somehow,  it  does  not  look  like  a  form  accustomed 
to  a  blood-medium  ;  its  appearance  and  behaviour  are  so 
different  from  all  the  other  crithidial  forms  which  I  have  had 
occasion  to  study. 

Genekal  Conclusion  regarding  the    Question  of  a  Connec- 
tion  BETWEEN   THE    TrYPANOSOME    AND  THE  H^MOSPORIDIAN 

Parasites  of  the  Little  Owl. 

For  the  last  time,  I  hope,  that  it  will  be  necessary,  I  return 
to  this  subject,  more  particularly  in  order  to  point  out  the 
bearing  upon  it  of  the  observations  recorded  above  on  the 
developmental  phases  of  these  parasites  in  the  mosquito.  It 
must  be  apparent,  indeed,  that  these  observations  support 
and  further  strengthen  the  conclusion  at  which  I  had  already 
arrived  (14),  that  there  is  no  connection  whatever  between 
these  different  types  of  parasite ;  and  I  have  found  nothing 
that  in  any  way  corroborates  Mayer's  account  (2),  in  which 
he  has  upheld  the  opposite  view. 

In  the  first  place,  with  regard  to  the  mosquito  which  fed 
on  Owl  19.  As  was  to  be  espected  from  the  typical  ripe 
Halteridial  infection  of  this  bird,  numerous  fully-formed 
ookinetes  were  found  without  difficulty  in  the  stomach  when 
dissected.  But  not  one  of  these  ever  showed  any  sign  of 
passing  into  a  flagellate  condition ;  nor  Avere  any  active 
Flagellates  observed  of  the  different  types  which  I  subse- 
quently found  frequently  in  mosquitoes  fed  on  an  owl  known 
to  have  Trypanosomes.  This  fact  is  very  significant  when  it 
is  remembered  that  no  Trypanosomes  were  ever  seen  in  the 
blood  of  Owl  19,  either  in  life  or  in  searching  smears,  and  if 
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they  were  present,  must  have  been  so  rare  at  the  time  as  to 
be  negligible. 

As  was  discussed  above,  the  matter  "svas  complicated  jnst 
at  the  outset  by  the  use  of  a  few  "  wild  "  females  in  which  a 
"  resting  Flagellate  "  occurred,  which  on  one  or  two  occasions 
developed  into  the  active  condition.  In  my  own  opinion,  how- 
ever, it  is  perfectly  clear  that  these  resting  Flagellates  have 
nothing  to  do  with  the  ookinetes.  Although  there  is  un- 
doubtedly a  general  resemblance  in  appearance  between  these 
two  bodies  when  observed  in  life,  there  are  several  important 
reasons  for  concluding  that  this  is  only  a  coincidence.  In 
stained  preparations  the  two  types  of  element  appear  funda- 
mentally distinct,  for  the  resting  Flagellates  show  without 
exception  the  binucleate  condition  ;  the  ookinetes,  on  the 
other  hand,  never  do.  In  not  a  single  instance,  whether  of 
Halteridium  or  of  Leucocy tozoon,  have  I  been  able  to 
find  an  ookinete  which  possesses  the  binucleate  condition, 
the  first  essential  for  it  to  be  regarded  as  connected  with  a 
Haemoflagellate.  Again,  the  staining  reaction  of  the  general 
cytoplasm  in  the  two  cases  is  entirely  different ;  and  though, 
knowing  what  I  do  of  the  dangers,  no  less  than  the  advantages, 
associated  with  the  use  of  the  Giemsa  stain,  I  should  be  the 
last  to  lay  stress  upon  casual  staining  differences  in  different 
cases  ;  nevertheless,  where  such  a  difference  is  constant  and 
uniform,  weight  may  be  laid  upon  it.  Further,  these  resting 
Flagellates  occurred  also  in  "wild"  females  fed  on  owls 
totally  uninfected  with  any  of  the  parasites  under  discussion, 
and  in  which  no  ookinetes,  of  course,  were  found.  Finally, 
these  resting  Flagellates  have  certainly  nothing  whatever  to  do 
with  the  developmental  phases  of  Trypanosoma  noctute. 

Now,  in  the  bred-out  mosquitoes  which  fed  on  Owl  23, 
ookinetes  were  always  scanty  ;  particular  individuals  were 
carefully  watched  on  different  occasions,  but  in  these  also  no 
change  or  development  of  any  kind  was  ever  seen.  Never- 
theless, in  about  46  per  cent,  of  these  mosquitoes 
examined,  active  Flagellates  were  observed  in 
different  stages  of  development;    and   it  is  to  be  re- 
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membered  that  Owl  23  was  the  only  bird  in  which  Try  pa  no- 
somes  wei-e  found  in  the  peripheral  circulation, 
and  actually  at  this  period.  If  the  Trypanosoraes  had 
indeed  developed  from  ookinetes,  it  is  difficult  to  understand 
■why  they  should  occur  frequently  when  the  ookinetes  were 
scanty  (and  sometimes  not  actually  noticed),  and  yet  not  at  all 
in  the  case  where  the  ookinetes  were  numerous  (the  female 
which  fed  on  Owl  19,  with  the  normal  Halteridial  infection). 
All  my  observations  point  clearly  to  these  active  Flagellates 
being  the  developmental  forms  of  T.  noctuae  in  the  mosquito, 
and  derived  directly  from  the  stumpy,  or  stout  fusiform 
Trypanosome,  present  in  the  blood  in  the  summer  (as  pre- 
viously described  (5).  I  have  never  once  seen  the  slightest 
indication  o£  these  developmental  Trypanosome-stages  in  any 
mosquito  fed  on  a  bird  which  did  not  contain  this  stumpy, 
transmissive  phase  of  the  Trypanosome  in  the  peripheral 
circulation — whether  it  contained  Halteridium,  or  Leu- 
cocytozoon,  or  neither. 

A  few  remarks,  in  concluding  this  discussion,  about  Mayer's 
account  (I.e.).  The  most  important  statement  of  this  worker 
is  that,  in  hanging  drops  of  blood  from  an  owl  infected  with 
Halteridium,  in  which  careful  examination  failed  to  reveal 
any  Trypanosomes  after  four  days  or  so  Flagellates  were  found 
to  be  present;  the  inference  is,  of  course,  that  these  had 
developed  from  the  Halteridium-ookinetes.  I  can  only 
say  that  I  feel  absolutely  convinced  that  Mayer  was  mistaken 
in  supposing  no  Trypanosome-individuals  to  be  present  in  the 
drop  at  the  beginning  of  the  experiment.  I  know  well  from 
experience  how  easily  one  of  these  forms  can  be  overlooked, 
especially  if  the  blood-corpuscles  are  in  a  fairly  thick  layer. 
Another  possible  explanation  would  be  that  certain  very 
minute  or  ultramicroscopic  phases  of  the  Trypanosome  were 
present,  which  later  gave  rise  to  flagellates.  But  this  idea  is 
quite  unnecessary  when  I  have  shown  cleai'ly  that  the  same 
particular  flagellate  developmental  stages  occur  regularly, 
both  in  cultures  and  in  mosquitoes,  as  a  result  of  inoculation 
with  a  definite  Avian  Ti-ypanosome  form.     For  my  own  part. 
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I  say  candidly  that  I  can  see  no  sufficient  evidence  up  to  the 
present  for  believing  in  "  cryptotrypanosomiasis  "^  or  in 
"  infective  granules/'  etc.  In  all  the  life-cycles  of  Trypano- 
somes  which  are  now  known  in  the  invertebrate  host,  there  is  no 
suggestion  of  such  a  thing,  and  such  an  explanation  is  not,  I 
consider,  required.  In  birds,  and  even  more  so  in  cattle  and 
sheep,  Trypanosome  individuals  may  be  so  excessively  scanty  in 
the  circulation  that  the  greatest  difficulty  is  entailed  in 
finding  them  ;  but  let  a  single  individual  succeed  in  passing 
into  a  culture  or  into  its  right  invertebrate  host,  and  it  will 
multiply  so  rapidly  that  before  many  days  have  passed  the 
forms  to  which  it  gives  rise  are  readily  found.  I  may  say 
also  that  I  am  no  longer  inclined  to  think  that  any  small 
form  of  these  Avian  Trypanosomes  occurs  in  the  red  blood- 
corpuscles,  which  might  perhaps  be  mistaken  for  a  young 
stage  of  Halteridium.  Since  very  considerable  doubt  has 
been  thrown  upon  the  occurrence  of  such  a  stage  in  Trypano- 
soma cruzi,  it  is  becoming  more  and  more  probable  that 
Trypanosomes  do  not  get  into  the  red  cells  at  all ;  at  all 
events  I  am  disinclined  now  to  postulate  the  occurrence  of 
such  a  phase  in  the  Avian  Trypanosomes  which  I  have 
studied  until  we  have  an  authentic  instance  of  it  in  some  other 
case.  As  in  the  case  of  fish-Trypanosomes,  with  which,  as  I 
have  shown  above.  Avian  Trypanosomes  have  much  in  common, 
I  firmly  believe  that  unless  the  transmissive  trj'^pano some- 
form  of  an  Avian  Trypanosome  passes  into  culture  or  the 
invertebrate  host,  no  development  of  Flagellates  will  occur. 

Mayer  describes  and  figures  further  certain  "  large  forms  " 
which  developed  in  mosquitoes,  which  he  regards  as  the  de- 
velopmental stages  of  Leucocytozoon,  in  contradistinction 
to  Halteridium.  But  these  forms  are  obviously  the  same 
as  certain  of  those  which  I  have  described  and  figured  as  the 
developmental  stages  of  Trypanosoma  noctuae;  hisfig.  56, 
for  instance,  represents  an  individual  nearly  arrived  at  the 
final  attenuated  form.       The  stages  which  Mayer  associates 

'  By  this  term  I  understand  some  definite  phase  of  the  parasite, 
hitherto  unrecognised  and  possibly  ultramicroscopic. 
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with  Halter idium,  equally  with  those  which  he  associates 
with  Leucocytozoon,  constitute  part  of  a  regular  series,  and 
belong  to  a  definite  life-cycle,  as  I  have  clearly  shown. 
Correspondingly,  it  will  be  remembered,  Minchin  and  I 
showed  also  that  the  small  forms  of  the  Trypauosome  in  the 
blood,  associated  by  Schaudinn  with  Halteridium  nocture, 
form  part  of  a  regular  series  with  the  large  individuals, 
regarded  by  him  as  belongingto  Leucocy  tozoon  ziemanni, 
and  altogether  represent  only  one  species — Trypanosoma 
noctuas;  there  is  no  species  T,  ziemanni.  If,  therefore, 
one  still  held  to  the  idea  that  the  small  Trypanosomes  are 
connected  with  Halteridium  and  the  larger  ones  with 
Leucocy  t  ozoon,  one  would  be  led  to  the  impossible  position 
that  Halteridium  and  Leucocy  tozoon  are  different 
phases  of  one  and  the  same  thing. 

I  do  not  suppose  that  Mayer  any  longer  considers  that 
an  ontogenetic  connection  exists  between  any  of  these 
different  parasites,  especially  as  in  addition  to  the  above- 
mentioned  paper,  I  have  also  published  my  account  of  the 
cytology,  in  which  I  have  shown  that,  after  all,  there  is  no 
nuclear  dimorphism  in  Halteridium  and  Leucocytozoon 
and  that  these  are  not  related  to  theBinucleata.  But  as  Mayer's 
account  is  the  only  one  published  of  late  years  on  the  develop- 
mental stages  of  these  parasites  of  the  owl  in  mosquitoes,  I 
have  been  obliged  to  point  out  where  it  is  erroneous  in  the 
light  of  my  own  observations  on  the  whole  subject. 

The  conclusion  of  the  whole  matter  is,  that  the  three 
parasites  of  the  little  owl — Trypanosoma  noctuag,  Halte- 
ridium noctuae  and  Leucocytozoon  ziemanni — are 
entirely  distinct  and  separate  types;  and  the  same  is  un- 
doubtedly true  for  other  species  of  these  parasites  m  other 
birds.  So  far  as  T.  nocture  is  concerned  I  have  been 
able  to  outline  above  the  main  course  of  its  development 
in  the  mosquito  (Culex  pipiens),  though  there  are,  un- 
fortunately, gaps  still  to  be  filled  up.  The  development 
of  the  Halteridium  and  the  Leucocytozoon  in  the  mosquito 
remains  to   be  ascertained — supposing,  that  is  to   say,    that 
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there  is  any  development  beyond  the  ookinete  stage.  Other 
workers  (e.  g.  the  Sergents  (11),  Ai-agao  (1)  and  Mayer  (loc. 
cit.)  have  obtained  the  development  of  one  or  both  of  the 
parasites  up  to  the  same  stage,  but  never  any  farther.  As 
regards  Halter  idium,  Aragao,  who  has  succeeded  in  trans- 
mitting H.  columbfe  from  a  Hippoboscid  fly  (Lynchia) 
back  again  to  the  pigeon,  is  doubtful  whether  there  is  really 
any  further  development  in  the  Insectan  host;  it  is  possible, 
moreover,  that  the  so-called  schizogony  in  the  lung  represents 
the  delayed  sporogony  of  the  ookinetes,  as  has  been  hinted  at 
by  Minchin^  in  his  text-book  on  the  Protozoa  (4).  If  that  be 
so,  then  I  see  no  reason  why  the  ookinetes  of  H.  noctuae 
should  not  behave  similarly ;  in  which  case,  Culex  pipiens 
may  prove,  after  all,  to  be  a  true  host — transmissive  agent — 
of  this  parasite  also.  At  any  rate,  for  all  that  one  can  yet  say 
to  the  contrary,  the  ookinetes  may  be  inoculated  back  again 
into  an  owl,  at  the  same  time  as  the  final  propagative  forms 
of  the  Trypanosome.  It  is,  perhaps,  not  without  significance 
that  in  every  owl  which  was  infected  with  the  one  parasite, 
we  found  the  other  also  to  be  present  (cf.  Minchin  and  Wood- 
cock, loc.  cit.).  The  development  and  transmission  of 
Leucocy  tozoon  are  still  more  a  matter  of  uncertainty.  As 
far  as  Schaudinn's  observations  are  concerned,  if  such  a 
remarkable  nuclear  multiplication  and  skein-development 
does  occur,  it  is  very  strange  that  neither  Mayer  nor  I  myself 
have  seen  any  signs  of  it.  One  thing  is,  I  think,  practically 
certain;  if  the  ookinete  does  produce  a  number  of  small 
elements  by  rapid  division,  these  Avill  not  prove  to  be  Try- 
panosomes  or  other  binucleate  Flagellates  ! 

The  Lister  Institute  ; 
Mav  12th,  1914. 
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EXPLANATION  OF  PLATES   29-3L 

Illustrating  Dr. H.M.  Woodcock's  paper  on  "Studies  on  Avian 
Ha3moprotozoa  :  No.  III. — Observations  on  the  Develop- 
ment of  Trypanosoma  noctuee  (of  the  Little  Owl)  in 
Culex  pipiens;  Avith  Eemarks  on  the  Other  Parasites 
occurring." 

[All  the  figures  on  Pis.  29  and  30  are  magnified  2000  times  linear; 
those  of  the  scheme,  PL  31.  are  x  2000  (nearly).  I  am  indebted  to  Miss 
Rhodes  for  kindly  drawing  and  colouring  most  of  the  figures  of  the 
Halteridium  ookinetes.] 

PLATE   29. 

All  the  figures  relate  to  the  development  of  T.  noctuse  in  the 
mosquito  (Ciilex  pipiens). 

Figs.  1-3. — Typical  trypanomonad  forms. 

Figs.  4-6. — Earliest  stages  in  the  development  of  the  trypaniform 
type. 

Figs.  7-10. — Intermediate  trypaniform  stages. 

Figs.  11,  12.— Approximation  to  the  final  inoculative  form.  Fig.  11 
shows  an  intermediate  stage  in  the  change  in  the  nuclear  condition ; 
three  fairly  large  chromatinic  masses  (karyosomes)  are  present. 

Figs.  13-17.— Typical  attenuated  thread-like  forms,  with  ladder-like 
nucleus.     These  are  considered  to  be  the  inoculative  type. 

Figs.  18-21. — Individuals  which  agree  in  character  with  the  final 
forms,  except  for  the  fact  that  the  nucleus  has  not  become  ladder-like. 

Figs.  22,  23. — Club-shaped  trypanomonad  forms.  Early  stages  in  the 
second  line  of  development.     (See  text.) 

Figs.  24,  26. — Pear-shaped  forms,  with  the  kinetonucleus  tending  to 
be  in  front  of  the  trophonucleus  and  with  hardly  any  membrane.  These 
individuals  result  from  the  smaller  memljer  of  an  unequal  division  of 
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such  a  form  as  that  of  fig.  22.     They  represent  the  beginning  of  the 
haptomonad  phase. 

Fig.  25. — Individual  resulting  from  the  larger  half  of  the  same  or  a 
similar  unequal  division.  It  tends  to  be  slightly  club-shaped,  and  has 
the  nuclei  well  back,  with  a  long,  narrow  membrane. 

Fig.  27. — Pyriform  individual  commencing  division. 

Figs.  28,  29. — Other  pyriform  haptomonad  forms. 

Figs.  30,  31. — Small  individuals  which  still  show  to  a  slight  extent 
the  characters  of  the  differing  products  of  an  unequal  division  (prol)aljly 
of  such  a  form  as  that  of  fig.  25). 

Figs.  32,  33. — More  haptomonad  forms,  or  more  strictly,  perhaps, 
forms  which  are  going  to  become  attached. 

Fig.  34. — One  of  the  smallest  forms  found  undergoing  division. 

PLATE  30. 

Figs.  35-40.  — Ookinetes  of  Halteridium  noctua?.  In  fig.  38  pai"t 
of  the  skin  or  pellicle  of  the  ruptured  erythrocyte  is  seen  still  attached 
to  the  ookinete.     This  occurs  now  and  again. 

Figs.  41,  42. — Ookinetes  of  Leucocytozoon  ziemanni. 

Figs.  43-47. — "Resting  Flagellates"  found  in  "wild"  mosquitoes.  The 
individuals  of  figs.  46  and  47  have  almost  cei'tainly  develoj)ed  a  flagellum, 
marginal,  if  not  free. 

PLATE  31. 

Scheme  comparing  the  development  of  T.  noctuse  in  the  mosquito 
with  the  developmental  stages  of  T.  f ringillinarum  as  found  in 
cultures.     (For  explanation,  see  text.) 
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Observations  on  the  Life-Cycle  of  a  Xew  Flagellate,  Helkesimastix* 
fsecicola,  n.g.,  n.sp.  :  Together  ivith  Remarks  on  the  Question 
of  Syngamy  in  the  Trypanosomes. 

Bj  H.  M.  Woodcock,  D.Sc,  Assistant  to  the  Professor  of  Protozoology, 
University  of  London,  and  G.  Lapage,  M.Sc,  Assistant  Lecturer  and 
Demonstrator  in  Zoology,  Victoria  University,  Manchester. 

(Communicated  by  Prof.  S.  J.  Hickson,  F.R.S.     Received  July  31,  1913.) 

[Plates  1.3  axd  14.] 

This  new  flagellate  occurs  frequently  in  goat-dung  ;  we  have  found  it  also 
in  sheep-dung.  It  is  a  "  passenger,"  being  carried  passively  through  the 
alimentary  tract,  in  an  encysted  condition.  "When  the  dung  is  moistened 
with  water — probably,  in  nature,  when  it  is  deposited  on  damp  grass  or 
earth — the  flagellate  emerges  from  its  cyst  and  goes  through  its  life-cycle, 
ultimately  encysting  again.  The  cysts  are  doubtless  swallowed  by  the 
goat  with  its  fodder.  We  have  cultivated  Helhcsimastw  under  various 
conditions,  which  will  be  described  in  our  full  account  later.  In  order 
to  obtain  this  form  in  large  numbers  and  study  its  life-history  without 
any  fear  of  being  misled  by  stages  in  the  life-cycle  of  other  flagellates,  we 
succeeded  in  isolating  it  from  the  other  forms  occurring  in  simple  dung- 
cultures  and  cultivating  it  on  agar-media,  on  which  it  multiplies  rapidly. 
The  medium  which  we  have  used  principally  is  weak  Lemco-agar,  i.e.  the 
same  medium  as  used  for  blood-agar,  but  considerably  diluted.  For  our  con- 
tinuous observations  we  have  used  hanging-drop  preparations  in  sealed  cells ;  in 
■these  cases  we  used  very  dilute  Lemco-brotli,  without  any  agar,  as  the  medium 
for  the  development  of  the  flagellates,  because  in  the  denser  agar-medium  it 
is  very  difficult  to  see  the  flagellum.  In  all  these  media  the  flagellate  forms 
the  protozoan  component  of  a  "  mixed  culture,"  since  there  is,  of  course,  an 
even  greater  and  more  rapid  bacterial  development. 

Commencing  the  account  of  the  life-cycle  with  the  permanent  cyst,  this 
is  a  small  spherical  or  slightly  ovoid  body  about  3-3i  fi  in  diameter  (figs.  1-3). 
The  cyst-wall  is  well  defined,  but  not  very  thick ;  it  appears  to  consist  of  a 
single  membrane,  there  being  no  differentiation  into  inner  and  outer 
envelope  such  as  is  found,  for  example,  in  many  Amceha  cysts.  Some- 
times bacteria  are  adherent  to  the  cyst-wall  (fig.  3).  The  protoplasm  is 
*  The  generic  name  is  formed  on  the  analog}'  of  the  Homeric  epithet,  f\K«Tivtn\ot, 
trailing  mantle  or  cloak.  We  are  indebted  to  Prof.  Minchin  for  suggesting  this  appro- 
priate name. 
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fairlv  homogeneous,  or  coutains  fiue  granules.  There  is  frequently,  however, 
a  conspicuous,  somewhat  refringent  grain,  situated  near  the  periphery 
(Plate  13,  figs.  1  and  2),  but  no  vacuole  is  present.  The  nucleus  can  usually 
be  seen  as  a  clearer  area,  and  at  times  the  contained  karyosome  can  be 
distinctly  made  out  as  a  dull  body  in  the  centre.  Xo  division  takes  place 
inside  tlie  cyst,  which  is  therefore  a  resting  or  "  Dauer "  cyst  and  not  a 
multiplicative  one. 

Uxcystation. — We  have  followed  the  process  of  excystation  in  cysts  which 
had  been  for  about  22  hours  in  fresh  medium  (Liebig  broth).  This  is  not 
quite  the  minimum  period  required,  before  the  flagellate  will  emerge  from  its 
cyst,  for  in  this  particular  preparation  some  half-dozen  individuals  were 
already  active  by  this  time,  though  the  great  majority  were  still  encysted. 
The  period  which  must  elapse  depends,  we  consider,  upon  how  soon  the 
multiplication  of  the  active  bacilli  in  the  new  environment  has  taken  place 
to  a  sufficient  extent  to  produce,  in  sufficient  quantity,  the  ferment  or 
chemical  substance  in  solution  which  is  either  directly  or  indirectly  the 
cause  of  the  dissolution  of  the  cyst-wall.  For  we  are  strongly  of  opinion 
that  the  explanation  of  both  the  encystment  and  the  excystation  of 
Hclkesimastix  (and  probably  equally  of  other  dung-  and  infusion-flagellates) 
is  to  be  found  in  the  view  put  forward  by  Cropper  and  Drew*  in  their  recent 
important  and  suggestive  work  on  the  causative  factors  of  the  corresponding 
phenomena  in  Amcebce.  We  hope  to  study  our  new  flagellate  from  this 
biological  standpoint  subsequently,  and  will  here  merely  indicate  in  passing 
certain  facts  we  have  observed  which  bear  upon  the  question.  We  have  found 
excystation  occurring  only  in  those  cultures,  plates,  or  observation-prepara- 
tions in  which  there  was  a  plentiful  developinent  of  an  (or  of  more  than  one) 
active,  markedly  aerobic  bacillus,  which  we  have  not  yet  more  closely  deter- 
mined. We  have  kept  cysts  in  ordinary  cover-slip  preparations  in  different 
media  (the  preparations  being  sealed,  of  course,  to  prevent  evaporation),  for 
several  days,  without  the  emergence  of  any  active  individuals  taking  place  ; 
and  in  such  preparations,  the  medium  not  being  in  contact  with  free  air,  no 
noticeable  development  of  active  bacilli  took  place. 

In  a  cyst  from  which  the  flagellate  is  about  to  be  liberated  the  wall  is 
noticed  to  become  gradually  less  and  less  obvious,  until  at  length  one  can  no 
longer  say  that  there  is  any  envelope  present,  apart  from  the  delicate  mem- 
brane or  pellicle  limiting  the  body-protoplasm  (fig.  4).  There  is  no  definite 
rupture  or  bursting  of  the  wall  at  any  point,  through  which  the  flagellate 
could  pass  out  to  the  exterior ;  in  other  words,  when  the  creature  has  again 
become  active  and  moved  off,  there  is  no  cyst- wall  left  behind.    We  were  the 

*  'Eesearches  on  Induced  Cell-reproduction  in  Amciebje,'  London,  John  Murray,  1914. 
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more  convinced  of  this  because  we  had  previously  seen  the  excystation  of  a 
species  of  Bodo  from  other  dung-cultures,  and  in  that  case  the  rupture  of  the 
cyst-wall  was  very  evident,  and  when  the  Bodo  had  moved  away  the  empty 
cyst-wall  was  left  behind.  To  return  to  IJrlhesimasticc,  when  a  sphere  from 
which  the  cyst-wall  had  disappeared  was  watched  it  was  seen  gradually  to 
change  its  shape,  and  in  about  seven  minutes  had  elongated  somewhat  and 
become  ovoid  (fig.  5).  Xear  one  extremity  a  small  vacuole  had  made  its 
appearance,  which  represented  the  contractile  vacuole ;  active  metabolism 
had  again  begun.  Very  slight,  spasmodic  movements  were  noticed  at 
intervals,  and  then  suddenly  it  was  seen  that  a  very  short,  delicate 
Hagellum  was  present,  apparently  emerging  from  about  the  middle  of  the 
body  (fig.  6).  This  waved  slowly  to  and  fro,  though  we  do  not  feel  at  all 
certain  that  it  was  causing  the  jerky  movements.  The  flagellum  could  at 
first  be  made  out  only  when  it  was  projecting  from  the  side  of  the  creature, 
and  not  when  it  lay  over  the  body-protoplasm.  Meanwhile  the  flagellate  was 
growing  in  size  rapidly,  and  five  or  six  minutes  later  it  appeared  as  in  fig.  7 : 
the  flagellmn  had  lengthened  considerably  and  was  more  prominent  and 
stouter,  and  its  point  of  origin  was  now  near  to  the  anterior  end.  The 
nucleus  had  doubtless  also  passed  towards  the  anterior  end,  but  unfortunately 
it  could  not  be  clearly  made  out :  this  was  owing  partly  to  the  jerky  move- 
ments and  partly  to  the  fact  that  the  protoplasm  was  becoming  very  granular. 
The  jerky,  to  and  fro  movements  of  the  body,  producing  no  displacement  of 
the  creature,  are  very  characteristic  of  certain  phases  ;  we  describe  them  as 
"knicking"  movements  {rf.  below,  p.  358).  Ten  minutes  later  the  flagellate 
was  beginning  to  make  short,  gliding  movements  of  progression,  and  these 
alternated  for  some  time  with  the  knicking  movements  until,  after  about  an 
hour,  it  moved  steadily  for  the  first  time  out  of  the  field  of  vision. 

During  this  period  the  same  process  had  been  going  on  throughout  the 
preparation,  and  many  actively  gliding  individuals  were  now  present.  These 
were  all  growing  rapidly  before  beginning  to  multiply,  and  attained  a  size 
considerably  larger  than  the  average  individual  size  found  later  on  ;  the 
protoplasm  was  usually  full  of  refringent  granules. 

Form  and  Structure— The  body  of  the  ordinary  active  individual  of 
ffelkesimastix /(scicola  is  typically  elongated  and  fairly  cylindrical,  witli  one 
end  (the  anterior  one)  bluntly  rounded,  the  other  (posterior)  one  tapering 
away  more  and  being  at  times  somewhat  pointed  (figs.  8,  10,  13).  The 
broadest  part  of  the  body  is  generally  nearer  to  the  anterior  end.  We  can 
most  aptly  compare  the  form  with  that  of  the  fleshy  part  of  a  small  carrot. 
Sometimes  the  hinder  extremity  is  drawn  out  into  a  narrow  prolongation 
(fig.  11).     This  hinder  part  of  the  body  is  often  very  plastic  and  irregular, 
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and  reminds  us  somewhat  of  the  posterior  extremity  of  Cercobodo  {Cerco- 
inonns),  with  its  long  cytoplasmic  "  tail,"  though  in  HellesimasfAx  it  is  never, 
in  normal  conditions,  drawn  out  to  anything  like  the  same  extent.  The  body 
is  usually  about  6/i  to  7/i  long  by  '2h^l  or  2/i  broad.  Under  other  conditions 
the  shape  of  the  body  may  be  oval  or  slightly  pyriform  'figs.  9,  18) ;  this  is 
frequently  the  case  in  smaller  individuals,  and  also  when  the  flagellates  are 
slugrf'ish,  in  a  rather  denser  medium  than  usual. 

There  is  a  single  flagellum,  generally  about  two  and  a  half  to  three  times 
as  long  as  the  body,  or  even  longer,  inserted  at,  or  very  near  to,  the  anterior 
end.  This  new  flagellate  is  remarkable  in  having  its  flagellum  alicays  directed 
backwards,  i.e.  it  possesses  only  a  trailing  flagelhim,  whence  the  generic  name. 
In  life,  the  flagellum  is  usually  contiguous  to  the  body  for  practically  the 
entire  length  of  the  latter,  and  the  proximal  portion  is  always  in  very  close 
contact  with  about  the  anterior  third  or  so  of  the  body,  from  which  it  never 
becomes  free.  This  is  seen  very  clearly  when  a  steadily  progressing  individual 
makes  a  sharp  turn  and  goes  off  in  another  direction.  The  proximal  portion 
of  the  flagellum  also  turns  immediately,  along  with  the  body,  but  the  remain- 
ing part  is  for  the  moment  free  from  the  latter  and  turns  more  gradually  into 
the  new  direction  {cf.  fig.  14).  The  flagellum  lies  along  the  middle  of  the 
upper  (dorsal)  side  of  the  creature ;  in  ordinary  conditions  it  is  never  on  the 
under  side.  Sometimes  the  flagellate  turns  on  its  side,  when  the  close 
adherence  of  the  flagellum  is  well  shown  (fig.  10).  Yet,  in  spite  of  this 
close  contact,  there  is  certainly  no  attaching  membrane  developed,  for,  in 
individuals  killed  by  osmic  acid,  the  flagellum  is  sometimes  seen  to  stand 
off  completely  from  the  body  (cf.  fig.  12).  Frequently  there  is  a  definite 
row  of  three  or  four  con.spicuous  granules  along  the  line  of  contact  of  the 
body  with  the  flagellum  (figs.  10,  11).  The  nucleus  can  generally  be  seen 
as  a  clear,  spheiical  area  near  the  anterior  end ;  in  individuals  in  motion  it 
is  sometimes  difticult  to  see  the  karysome,  but  in  those  quiescent,  or  in 
individuals  killed  by  osmic  acid  vapour,  this  body  can  also  be  made  out 
{cf.  fig.  12).     Helkesimastb:  is  not  a  binucleate  ;  it  has  no  kinetonucleus.* 

There  is  certainly  no  cytostome  or  definite  mouth-aperture  present.  "We 
are  not  quite  certain,  however,  whether  the  creature  does  or  does  not  ingest 
soHd  particles,  such  as  small  cocci,  etc. ;  we  are  strongly  inclined  to  think  it 
does  not.  In  this  connection,  u  peculiar  mode  of  food-ingestion  which  we 
have  observed  in  CerconioTias  (or  Cercobodo)  longicaiida  is  of  interest.     While 

*  We  may  add  that,  as  seen  in  stained  preparations,  the  nuc-leus  is  of  the  usual 
flagellate  character,  consisting  of  a  nuclear  membrane,  a  clear  zone  (the  nuclear  sap), 
and  a  large  central  karyosome,  connected  Mith  the  membrane  by  delicate  radiating 
fibrils. 
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an  individual  was  moving  sluggishly  along,  the  posterior,  plastic  part  of  the 
body  would  come  into  contact  at  some  point  with  a  small  extraneous 
particle.  A  small  portion  of  the  protoplasm  of  the  flagellate  in  the  imme- 
diate neighbourhood  of  the  point  of  contact  would  remain  adherent  to  the 
still  stationary  particle  for  a  few  seconds,  gradually  engulfing  it,  while  the 
Cercomonas  moved  calmly  on.  Thus  most  of  the  body  was  quickly  separated 
from  the  small  portion  of  cytoplasm  remaining  behind,  until  often  only  an 
extremely  thin  thread  or  line  of  protoplasmic  substance  still  joined  the  two 
parts ;  this  thread  might  be  as  long  as  the  whole  body  of  the  flagellate. 
Suddenly  the  tension  of  the  connecting  thread  overcame  the  resistance  of 
the  stationary  particle,  and  the  latter,  together  with  the  small  portion  of 
protoplasm  surrounding  it,  was  safely  hauled  up  again  into  the  main  liody. 
We  often  tliought  the  thread  must  break,  but  it  never  did  ! 

As  our  new  flagellate  shows  a  resemblance  in  some  respects  to  Cercomonas, 
we  have  watched  particularly  for  the  occurrence  of  anything  corresponding, 
which,  however,  we  have  never  seen,  although  analogous  appearances  are  seen 
during  conjugation  (cf.  below).  We  have  never  been  able  to  satisfy  ourselves 
that  Helkesimastix  does  engulf  solid  particles  at  the  hinder,  plastic  end,  but 
do  not  deny  the  possibility  of  it  doing  so.  We  certainly  consider,  however, 
that  its  principal  mode  of  nutrition  is  by  osmosis.  The  natural  habitat  of 
the  creature,  namely,  moist  dung,  is,  of  course,  rich  in  organic  matter  in 
solution,  when  the  bacteria  have  been  active  for  a  little  time.  In  Helkesimastix, 
therefore,  we  have  an  instance  of  a  form  which  is,  at  all  events,  mainly 
saprozoic. 

The  contractile  vacuole  is  usually  small,  that  is  to  say,  it  contracts  before 
it  attains  a  large  size.  It  is  generally  situated  in  the  hinder  part  of  the  body, 
to  one  side  (figs.  8,  10).  Now  and  again,  however,  owing  doubtless  to  some 
condition  of  the  medium,  the  contractile  vacuole  becomes  very  large  (fig.  15). 
Immediately  after  it  has  ruptured  the  protoplasmic  wall  and  its  contents  have 
passed  out  to  the  exterior,  the  body  of  the  flagellate  presents  for  a  short  time 
the  curious  appearance  of  fig.  16  ;  the  hinder  end  is  forked,  like  the  two  arms 
of  a  V.  After  a  little  while  it  becomes  triangular  (fig.  17),  and  ultimately 
assumes  again  its  normal  shape. 

Another  point  illustrating  the  looseness  or  plasticity  of  the  body  is  a  method 
of  turning  round  often  shown  by  a  sluggishly  moving  individual.  It  will  come 
to  rest,  and  the  body  becomes  more  ovoid  (fig.  18).  Then  the  side  with  which 
the  flagellum  is  in  close  contact  begins  to  show  what  we  term  "  working  ' 
movements  ;  at  first  the  peripheral  protoplasm  moves  in  slow,  short,  irregular 
waves  to  and  fro,  the  line  both  of  the  contiguous  part  of  the  flagellum  and  of 
the  row  of  granules  (if  these  are  present)  becoming  meanwhile  indented  and 
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uneven  (tig.  19).  These  peripheral  movenieuts  of  the  protoplasm  can  perhaps 
l»e  compared,  on  a  very  small  scale,  witli  the  wave-like  movements  of  the 
ectoplasm  of  Amceba  verrucosa.  Next,  tlie  anterior  portion  of  the  body- 
protoplasm  on  this  side  is  moved  as  a  whole  backwards,  around  the  central 
part,  as  it  were,  carrying  with  it  the  anterior  part  of  the  flagellum  and  the 
granules,  and  also,  doubtless,  the  nucleus  (rf.  fig.  20).  Finally,  the  creature 
elongates  again,  having  the  anterior  part  of  its  body  now  where  the  posterior 
})art  formerly  was  (fig.  21),  and  is  ready  to  swim  away  in  just  the  opposite 
direction. 

Movements. — Hclkesimastix  possesses  two  distinct  and  characteristic  methods 
of  locomotion.  One,  the  more  usual  mode,  is  very  interesting,  because  it  is 
very  difficult  to  explain ;  in  fact,  we  do  not  know  quite  how  to  explain  it. 
The  creature  glides  forwards  with  a  steady,  almost  unwavering  movement, 
the  flagellum  trailing  behind  in  a  straight  line.  While  the  rate  of  pro- 
gression is  not  as  rapid  as  that  of  a  Monas  or  a  Bodo,  for  exariiple,  the 
movement  cannot  by  any  means  be  called  slow ;  indeed,  it  is  often 
surprisingly  fast,  considering  how  little  there  seems  to  be  to  account  for 
it.  There  is  certainly  no  vibration  of  the  free,  distal  part  of  the  flagellum 
at  all ;  in  this  method  of  movement,  the  flagellum  does  not  act  as  a 
pulsellum.  The  creature  is  always  at  the  surface  of  the  medium  when 
nujving  in  this  way  (or  it  is  gliding  along  the  under  surface  of  the  cover-slip), 
tlie  flagellum  in  both  cases  being  uppermost.  This  fact  leads  us  to  think 
that  surface-tension  plays  some  part  in  this  type  of  movement.  The  body  is, 
as  it  were,  suspended  along  its  length  to  the  flagellar  thread,  as  a  gymnast 
may  be  suspended  along  a  tight  rope.  The  body  is  often  seen  to  swing  side- 
ways partially  around  its  flagellum,  appearing  then  as  in  fig.  10  ;  but  it  never 
swings  right  above  the  flagellum.  The  only  movement  of  the  body  which  can 
be  noted  is  a  very  slight  "knicking"  "movement  of  the  anterior  end,  i.e.  the 
anterior  end  may  make  little  tentative  jerks  from  side  to  side,  perhaps  caused 
by  slight  contractions  of  the  anterior  end  of  the  flagellum.  But  the  anterior 
end  of  the  body  is  not  displaced  laterally  by  more  than  half  its  width,  if  as 
much,  and  the  strength  of  these  slight  movements  appears  wholly  insufficient 
to  produce  the  steady  forward  progression ;  moreover,  the  creature  may  glide 
for  quite  a  considerable  distance  without  even  these. 

The  other  characteristic  mode  of  progression  occurs  when  an  individual  is 
in  the  middle  of  the  fluid,  i.e.  completely  surrounded  by  it.  Then  it  performs 
vigorous,  more  or  less  undulatory  movements  of  its  whole  body  and  flagellum, 
the  latter,  as  regards  its  applied  portion,  never  becoming  separated  from  the 
body,  and  with  its  free,  distal  part  lashing  actively  behind.  The  movement 
of  the  body  is  very  like  that  of  a  fish's  tail,  and  not  at    all  unlike  the 
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movements  of  certain  trypanosomes.  Yet,  in  spite  of  all  this  activity, 
the  rate  of  progression  is  no  greater  than  is  obtained  by  the  quiet  surface 
cjlidincr. 

One  other  variety  of  movement — not  of  progression — remains  to  be  noted. 
An  individual  which  has  been  gliding  about  will  become  anchored  by  the  end 
of  its  flagellum  to  some  particle  of  debris  or  small  clump  of  bacteria.  The 
body  will  then  execute  sfiarp  bending  or  knicking  movements  about  its 
narrow,  posterior  end,  where  the  flagellum  becomes  free,  often  turning 
through  nearly  180°,  and  then  turning  back  again.  This  anchoring  process 
recalls  the  anchoring  of  some  Bodos  by  the  trailing  flagellum,  but  the 
body  movement  in  Helkesimastix  is  not  at  all  of  the  vibrating  or  dancing 
character  seen  in  the  Bodo,  because  it  lacks  the  anterior,  vibratile 
flagellum. 

Multiplication. — After  the  flagellates  have  been  active  for  some  hours 
multiplication  begins.  We  have  not  observed  it  occurring  up  to  six  hours 
after  excystation  has  taken  place,  but  by  the  end  of  20  hours  it  was 
proceeding  actively  and  had  evidently  been  going  on  for  some  time.  An 
individual  about  to  undergo  division  always  comes  to  rest  in  the  first  place. 
The  body  becomes  ovoid  and  then  practically  spherical  (figs.  22,  24,  27). 
The  subsequent  course  of  events  is  not  always  quite  uniform,  though  the 
variations  are  only  slight.  In  the  great  majority  of  cases,  by  the  time 
the  body-form  has  become  rounded,  or  even  after  it  has  been  ovoid 
for  a  short  while,  the  flagellum  is  no  longer  visible.  The  free  part  has 
entirely  disappeared,  and  we  are  strongly  inclined  to  think  that  the  attached 
part  also  goes,  though  we  cannot  write  with  absolute  certainty  because  it 
is  extremely  diflicult  to  detect  a  motionless  flagellum  lying  over,  and 
closely  applied  to,  the  body.  However,  we  think  that,  in  many  cases,  it  is 
probably  entirely  withdrawn  and  absorbed,  especially  as,  just  prior  to  this 
3tage,  small  "  working  "  movements  of  the  peripheral  protoplasm  occur  at  the 
side  where  the  flagellum  lay.  At  this  stage  the  clear  nuclear  area  can 
frequently  be  seen  to  be  elongated  and  to  possess  now  two  kaiyosomatic 
bodies  (fig.  22),  the  parent-kavyosome  having  already  divided.  Next,  the 
body  begins  to  elongate  again  (tigs.  23,  29),  and  in  a  minute  or  two  more 
becomes  slightly  dumb-bell  shaped  (fig.  25).  The  two  daughter-nuclei  are 
practically  reconstituted  and  have  begun  to  separate  by  this  time  (figs.  23, 
29) ;  they  can  usually  be  seen  because  the  body  remains  motionless  during 
this  period.  (We  hope  to  give  information  with  regard  to  the  cytological 
details  both  of  multiplication  and  conjugation  in  a  subsequent  memoir, 
when  we  have  studied  fixed  and  stained  preparati(jns).  The  time  of 
appearance  of  the  first  new  (daughter)  flagellum    varies   somewhat.     As  a 
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rule,  it  does  uot  appear  until  the  duinb-bell  stage  is  reached,  when  it  can 
suddenly  be  seen  projecting  out  from  the  side  of  the  body,  a  short  distance 
from  one  end  (fig.  23),  and  waving  slightly  to  and  fro.  Occasionally,  however, 
it  can  be  seen  while  the  creature  is  still  rounded  (fig.  24),  and  in  such  a 
case  it  may  represent  the  old  flagellum,  which  has  been  only  partially 
withdrawn.  The  constriction  at  the  middle  of  the  elongated  body  now 
rapidly  increases  (figs.  25,  30),  and  about  this  lime  the  second  flagellum 
appears,  always  some  distance  away  from  the  first  and  in  the  other  half 
of  the  body,  not  far  from  the  second  nucleus.  Very  generally,  the  second 
new  flagellum  projects  out  from  the  side  of  the  body  opposite  that  where 
the  first  one  is.  The  flagella  increase  in  length  and  the  body  undergoes 
little  irregular,  jerky  movements.  Its  middle  part  becomes  narrower  and 
more  drawn  out,  the  whole  body  having  now  the  appearance  of  a  double 
pear.  Usually  the  two  flagella  have  their  free  ends  directed  towards  the 
middle,  the  bluntly  rounded  extremities  becoming  the  anterior  ends  of  the 
two  daughter-individuals ;  though  sometimes  the  second  daughter-fiagellum 
(the  later  developed  one)  starts  from  near  the  middle  of  the  body,  i.e. 
near  to  the  constriction  connecting  the  two  halves,  and  points  outwards. 
Ultimately,  helped  by  the  movements  of  the  flagella,  the  two  halves  of  the 
body  are  drawn  still  farther  apart  and  the  small  daughter-individuals  at 
length  .separate,  gliding  away  in  opposite  directions.  The  cytoplasmic  "  tail," 
which  each  at  first  possesses,  rapidly  contracts  and  the  typical  body-form  is 
attained  (fig.  31). 

In  the  above  type  of  division,  which  is  the  most  usual  one,  we  regard  the 
cytoplasmic  fission  as  being  approximately  transverse  to  the  original  long 
axis,  so  that  in  this  case  we  have  the  flagellate  undergoing  transverse  division 
of  the  body.  The  'whole  process  is  fairly  ra])id.  From  the  time  when  an 
individual  has  become  ovoid  and  practically  motionless  to  the  time  of 
separation  of  the  two  daughter-individuals  only  10  to  15  minutes  usually 
elapse.  Xow  and  again,  however,  the  process  is  slower,  taking  upwards  of 
25  minutes  ;  but  this  is  of  rare  occurrence.  In  such  a  case,  moreover,  we  have 
noticed  that  the  body  becomes  divided  before  the  second  flagellum  is  formed, 
.so  that  one  daughter-individual  swims  away,  leaving  the  other  motionless  for 
a  few  minutes  longer,  until  it  has  developed  its  flagellum. 

On  one  or  two  occasions  we  have  observed  a  modification  of  the  above 
method  of  division,  a  second  flagellum  being  formed  while  the  old  one  is  still 
present,  having  only  been,  withdrawn  (shortened)  a  little  (fig.  32).  The 
shortening  proceeds  further  (fig.  33),  but  in  this  case  the  old  flagellum  is  not 
entirely  absorbed  but  forms  the  basis  of  one  of  the  daughter-flagella.  In  this 
variety  of  division  we  regard  the  fission  of  the  body  as  being  more  in  the  long 
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axis,  rather  than  transverse.  This  may  represent  a  more  primitive  mode, 
which  has  been  largely  relinquished  in  favour  of  the  otlier. 

Syngamy. — In  a  fresh  culture  (either  agar-plate  or  observation-preparation), 
after  the  flagellates  have  once  emerged  from  their  cysts,  multiplication  goes 
on,  often  at  first  with  amazing  rapidity,  for  two  days  or  so,  until  by  about  the 
third  day — or  sometimes  even  earlier — an  epidemic  of  conjugation  sets  in. 
The  only  important  point  in  the  whole  life-cycle  in  regard  to  which  we  are 
not  yet  certain  is  whether  definite  conjugating  individuals,  gametes,  morpho- 
logically distinctive  from  the  usual  forms,  are  developed,  and,  if  they  are, 
whether  these  are  anisogamous  or  not.  Our  difQculty  arises  from  the  fact 
that  in  a  culture  in  which  conjugation  is  beginning,  the  flagellates  present 
show  more  or  less  the  customary  variation  in  size  and  form  ;  and,  further,  we 
have  not  yet  succeeded  in  seeing  two  individuals  actually  come  together  and 
unite.  In  most  of  the  cultures  in  which  we  have  observed  conjugation,  the 
majority  of  the  individuals  belong  to  one  of  two  slightly  different  types. 
One  of  these  is  rather  characteristic  and  distinctive,  we  think,  of  this 
period.  It  has  the  posterior  end  of  the  body  gradually  tapering  and  always 
turned  definitely  to  one  side  (figs.  34,  35),  usually,  though  not  invariably, 
the  right  side,  when  the  flagellum  is  dorsal  or  uppermost.  The  curved 
tail-portion  differs  from  the  irregular  extension  sometimes  seen  at  the  hinder 
end  in  ordinary  individuals  {cf.  fig.  11),  in  being  fairly  constant  and  not  so 
changeable  or  metabolic,  now  retracted  and  now  drawn  out,  as  in  that 
case.  The  other  type  is  distinctly  smaller,  but  is  not  so  readily  distinguishable 
from  an  ordinary  individual  (fig.  36)  ;  it  is  oval  in  shape,  and  the  hinder  end 
is  usually  more  bluntly  rounded. 

In  an  observation-preparation  in  which  syngamy  has  begun,  two  individuals 
are  often  noticed  to  come  into  contact  and  glide  along  together  for  a  short 
wliile  (fig.  37).  The  members  of  such  a  pair  are  very  frequently — though, 
again,  not  invariably — of  the  two  distinct  forms  just  noted.  The  larger  one 
of  the  two  often  appears  to  stick,  or  become  attached  to  tlie  other  by  its 
curved,  hinder  end  (fig.  38)  ;  when  this  happens,  botli  individuals  get  very 
excited  and  actively  jerk  themselves  about  for  a  moment  or  two  ;  then  they 
will  either  separate  abruptly  or  glide  along  together  for  a  short  distance 
again,  and  then  move  apart.  Unfortunately,  we  have  never  seen  this  process 
followed  by  actual  union,  and  therefore  cannot  say  whether  it  represents  a 
tentative  seeking  out  of  each  other  by  definite  gametes.  Only  in  one  case, 
up  to  the  present,  have  we  caught  the  two  gametes  in  close  contact,  with  the 
body-protoplasm  of  each  still  separate  just  for  an  instant  before  joining  up 
(tig.  39)  ;  and,  in  this  case,  so  far  as  could  be  gathered  from  our  momentary 
impression  before  the  two  protoplasmic  masses  ran  together,  as  it  were,  into 
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one,  the  two  conjugatiug  individuals  were  not  very  dissimilar.  "We  leave  the 
matter  there  for  the  present,  but  hope  to  settle  it  before  publishing  our 
detailed  account.* 

Of  course,  the  actual  coming  together  and  uniting  is  a  matter  of  a  few 
seconds,  and  therefore  difficult  to  catch :  but  the  gradual  fusion  of  the  two 
gametes  and  the  subsequent  development  of  the  zygote  is  a  long  process,  and 
we  have  observed  every  stage  in  it,  on  many  occasions.  The  actual  cyto- 
plasmic union  is  lateral  (fig.  40),  and  immediately  after  it  has  occurred  one 
would  think  that  a  single  protoplasmic  entity  was  now  constituted.  But 
the  subsequent  behaviour  is  amazing  and  unique,  so  far  as  w^e  are  aware,  in 
the  history  of  conjugating  elements,  and  well  illustrates  the  looseness  of 
the  first  union  and  the  fluidity  of  the  protoplasm  in  Helkesimastix — and, 
we  doubt  not,  in  other  of  these  dung-  and  infusion-flagellates.  As  soon  as 
the  actual  cytoplasmic  union  has  occurred,  the  definite  form  of  the  two 
gametes  is  practically  lost,  and  there  is  for  some  time  a  remarkable  lack 
of  attraction,  or  reluctance  to  unite,  between  the  two  essential  parts,  if 
we  may  thus  regard  the  nuclei  and  associated  elements  together  with 
the  portion  of  cytoplasm  immediately  surrounding  them.  (This  is  probably 
because  the  nuclei  have  not  yet  undergone  a  process  of  maturation.)  We 
cannot  do  better  than  describe  the  sequence  of  form-changes  undergone  by 
the  zygote  immediately  following  the  union,  in  the  instance  referred  to. 

The  conjugants  of  fig.  40  had  not  been  joined  for  more  than  a  minute  or  so 
liefore  they  separated  again  in  the  anterior  region,  one  individual  being 
desirous  of  steering  off  to  the  right,  while  the  other  preferred  to  keep 
straight  on  (fig.  42).  This  little  difference  being  composed  and  the  two 
individuals  joined  up  again,  one  began  to  lag  behind  the  other,  the  com- 
bined body  appearing  now  like  an  irregular  rhomboid  (fig.  43).  The 
conjugants  were  progressing  forwards,  more  or  less  steadily,  all  the  time. 
In  the  next  instant  the  smaller  half  had  slipped  still  further  back,  and  the 
body  had  now  the  appearance  of  fig.  44.  A  few  seconds  later  it  was  quite 
behind  the  larger  half  (or  individual),  the  two  being  connected  together  only 
by  a  narrow  cytoplasmic  thread  (fig.  45).  After  progressing  thus  for  a  short 
distance  the  smaller  half  rapidly  overtook  the  one  in  front  by  a  kind  of 
"  slithering  "  movement  along  it,  and  the  protoplasm  of  both  again  joined 
up  along  the  side  (fig.  46).  A  few  seconds  later  a  very  characteristic 
stage  was   reached,  in    which    the  combined    body  of   the  two  conjugants 

*  We  have  since  reconsidered  the  above  point  and  now  think  that  the  tendency  to 
adhere  in  couples  in  this  way  is  probably  purely  a  matter  of  surface  tension  or  attraction. 
We  have  observed  the  same  phenomenon  in  observation-preparations  of  a  non-conju- 
gating strain  of  a  closely  allied  species  {vide  p.  366,  et  seq.). 
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was  almost  square,  the  whole  zygote,  with  its  two  flagella  trailing  along 
near  the  outer  sides,  having  almost  the  appearance  of  a  procession  banner 
(fig.  47).  (At  a  later  stage  the  body  becomes  more  definitely  rectangular  and 
banner-like.)  In  this  particular  instance  the  zygote  remained  thus  for  a 
couple  of  minutes  or  so,  moving  along  steadily,  the  two  "  halves "  with 
their  flagella  at  times  approximating  slightly,  causing  the  common  cytoplasm 
to  sag,  as  it  were,  just  as  a  banner  does  when  its  pole  bearers  do  not  keep 
their  line.  Now  and  again  tlie  zygote  turned  on  its  side,  when  it  appeared 
as  in  fig.  41.  At  length  it  altered  again  completely,  a  portion  of  the  body, 
apparently  about  a  third  of  the  bulk,  advancing  quickly  in  front  of  the 
remainder  (fig.  48),  until  the  two  portions  were  only  connected  by  a  very 
narrow  thread  of  cytoplasm,  which  was  at  first  extended  along  and  in  contact 
with  the  greater  part  of  the  fiagellum  (fig.  49).  We  have  no  doubt  that  in 
this  remarkable  dissociation  of  the  zygote  into  two  portions,  one  nucleus  goes 
with  each  half,  just  as  the  origin  and  proximal  part  of  the  fiagellum  can 
clearly  be  seen  to  do.  Unfortunately,  we  could  not  make  out  the  nuclei  at 
all  during  these  living  observations  of  the  conjugation-processes ;  this  was 
due  partly  to  the  fact  that  in  the  earlier  stages  the  conjugating  pairs  are  very 
active  and  constantly  undergoing  form-changes,  and  partly  because,  in  the  later 
stages,  the  nuclei  are  most  probably  undergoing  maturation  prior  to  nuclear 
fusion.  This  separation,  which  may  amount  almost  to  disruption,  of  the 
common  cytoplasm  into  two  portions  reminds  us  of  the  behaviour  of  the 
protoplasm  of  Cercomonas  (Cercobodo)  above  alluded  to,  but  in  Hdkesimastix 
it  is  not  a  passive  leaving  behind  of  a  certain  amount  of  protoplasm,  but  a 
separation  actively  brought  about  by  a  difference  in  behaviour  of  the  two 
gametic  energids.  Here,  again,  in  more  than  one  instance  (</.  fig-  54),  we  felt 
sure  that  actual  rupture  was  going  to  occur,  but  we  have  observed  this  remark- 
able process  on  several  occasions  and  the  two  halves  never  broke  loose. 
To  return  to  our  particular  zygote,  the  small  leading  portion  suddenly  turned 
right  round,  its  fiagellum  becoming  at  the  same  time  mostly  free  from  the 
cytoplasmic  thread  (fig.  50),  and  then  joined  up  again  to  the  main  portion 
(figs.  51  and  52).  The  zygote  next  assumed  the  form  of  a  pear  (tig.  53), 
and  after  another  minute  or  less  the  stage  of  fig.  45  was  repeated,  with  the 
ditierence  that  the  smaller  half  was  this  time  in  front.  The  hinder  part  then 
"  slithered  "  up  along  the  other  and  the  banner  form  was  again  arrived  at. 

All  the  above  changes  took  place  in  a  period  of  about  14  minutes  from  the 
instant  of  first  union.  This  time  the  banner  was  fairly  permanent,  and  after 
following  it  for  a  little  while  longer  we  left  it,  as  we  knew  exactly  what  the 
subsequent  behaviour  would  be  from  numerous  earlier  observations.  The 
above  described  remarkable  behaviour  of  the  two  conjugants— or,  at  least,  of 
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the  two  essential  portions,  since  the  cytoplasm  is  apparently  indiscriminately 
divided  at  times  —  is  not  at  all  an  exceptional  occurrence ;  indeed,  we 
tliink  something  similar  usually  happens  during  the  earlier  stages  of 
syngamy.  On  other  occasions  we  have  seen  both  the  "  slithering "  of  two 
slightly  unequal  portions  and  the  almost  complete  separation  of  the  two 
halves  which  remained  connected  only  by  a  delicate  thread,  just  as  in  the 
above  case.  The  joining  up  again  in  such  a  case  occurs,  we  consider,  as  a 
result  of  the  rapid  contraction  of  the  connecting  thread,  in  just  the  same 
manner  as  tlie  lagging  portion  of  protoplasm  was  suddenly  hauled  up  into  the 
main  body  of  the  Ccrcohodo  (rf.  above).  Further  examples  of  these  early 
conjugation  stages  are  given  in  figs.  54-57,  from  different  zygotes.  Even 
after  the  banner  has  been  definitely  formed  for  as  long  as  an  hour,  we  have 
seen  it  suddenly  break  down  into  two  portions,  one  behind  the  other. 

Difterent  forms  assumed  by  the  banner,  when  at  length  permanent,  are 
seen  in  figs.  58-62.  As  time  goes  on  the  banner  gradually  loses  its  square 
shape  and  becomes  oblong  (fig.  Go),  the  two  parallel  flagella  also  gradually 
coming  to  lie  nearer  to  the  mid-dorsal  line,  and  so  to  each  other.  !Most 
probably,  by  this  time,  the  maturation  processes  of  the  gamete-nuclei  are 
completed.  Further,  the  two  fiagella  are  slowly  shortening  in  length.  In  its 
earlier  period,  however,  the  banner  is  still  capable  of  performing  the  active, 
undulating  (free)  movement,  as  well  as  the  more  characteristic  gliding  move- 
ment. Fiom  an  oblong  the  banner  now  turns  to  an  oval — really,  of  course, 
to  an  ovoid — which  is  ultimately  almost  as  deep  as  it  is  broad.  We  have 
followed  a  banner  from  the  time  when  it  had  about  just  become  permanent 
(^.ff.  as  in  figs.  61  and  62),  up  to  the  definite  oval  (fig.  65),  the  time  occupied 
being  about  three  hours.  In  an  observation-preparation  in  which  syngamy 
has  been  going  on  for  some  time,  banners  and  ovals  are  quite  numerous ;  this 
will  be  apparent  when  it  is  remembered  that  every  cyst  formed  is  a  zygote- 
cyst.  At  a  later  stage  the  two  flagella  have  become  much  shorter  (tigs.  66 
and  67),  and  the  flagellate  moves  very  sluggishly  ;  it  soon  ceases  to  displace 
itself  and  only  performs  little  turning  and  "knicking"  movements.  The 
I)rotoplasm  becomes  contracted  and  somewhat  denser,  and  the  oval  nearly 
always  leaves  the  under  surface  of  the  cover-slip  by  this  time  and  sinks  to  the 
lower  level  of  the  medium.  The  flagella  are  at  length  quite  absorbed  and  the 
body  becomes  spherical.  We  liave  followed  an  individual  oval  with  two 
•flagella  close  together,  as  in  fig.  65,  up  to  the  time  when  it  became  a  motion- 
less, rounded  body  at  the  lower  level,  and  this  change  took  about  six  hours. 
The  whole  process  up  to  this  stage  takes  from  9  to  10  hours,  according  to  our 
actual  observations  ;  of  course,  this  may  not  be  the  minimum  period  required, 
though  we  should  say  it  is  not  far  from  it. 
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We  have  not  actually  watched  a  motionless,  rounded  zygote  through  its 
encystment  period,  but  we  noted  the  position  of  the  above  individual  and  of 
others  at  the  same  time  late  in  the  evening,  and  on  looking  at  them  next 
morning  we  found  they  had  become  the  very  characteristic  "shrinkage"  cysts 
(figs.  68  and  69).  The  cyst-wall  has  been  formed  and  the  protoplasm  has 
continued  to  contract,  so  that  a  space  is  left  at  one  side-  between  the  body  and 
the  wall.  We  are  inclined  to  think  it  is  a  space  containing  no  liquid,  because 
it  is  always  very  clear.  The  space  appears  of  different  size,  according  to  the 
age  of  the  cyst  (figs.  68  and  69).  When  small  the  space  is  spherical,  but 
when  it  attains  its  maximum  size  ic  is  lens-shaped.  A  curious  fact  is  that 
after  the  cyst  has  shown  this  condition  of  shrinkage  for  some  time— the 
period  may  vary  from  two  days  or  less  up  to  longer— the  space  disappears 
entirely  and  the  cyst  becomes  a  permanent  cyst,  as  described  at  the  com- 
mencement of  this  account.     This  finishes  the  life-cycle. 

Biological  Notes. — As,  in  a  normal  culture,  the  great  majority  of  the 
flagellates  form  cysts,  one  could  not  have  a  more  convincing  and  readily 
obtained  demonstration  of  the  regular  occurrence  of  syngamy  in  the  life- 
cycle  of  these  simple  dung-flagellates.  Although  all  the  above  observations 
on  Helkesimastix  have  been  described  either  from  plate-cultures  or  from 
observation-preparations,  this  is  only  because,  on  account  of  the  more  rapid 
multiplication  and  development  under  those  conditions,  the  individuals  are 
very  much  more  abundant  than  in  a  simple,  moistened  dung-culture,  and 
therefore  the  different  stages  are  more  readily  found.  We  have  not  the 
slightest  doubt  that  the  life-cycle  is  exactly  similar  under  the  more  natural 
conditions,  the  only  difference  being  that  it  is  probably  slower,  i.e.  a  longer 
period  may  elapse  before  the  whole  life- cycle  is  completed.  For  instance, 
it  is  usually  three  or  four  days  before  this  flagellate  is  observed  in  the  active 
condition  in  a  dilute  dung-culture,  and  it  may  persist  in  the  active  condition 
for  a  week  or  more  before  forming  cysts.  The  reason  for  this  is,  we  consider, 
because  the  watery  medium  is  not  nearly  so  rich  in  nourishment  as  the  beef- 
extract  medium.  The  bacterial  development  is  not  nearly  so  great  as  in  the 
latter  case,  nor  is  the  multiplication  of  the  flagellates  so  abundant.  Therefore, 
on  the  one  hand,  a  somewhat  longer  time  most  probably  elapses  before  the 
cyst-wall  is  dissolved  ;  and,  on  the  other  hand,  the  medium  does  not  so  soon 
become  excessively  full  of  the  "  toxic "  products,  or  whatever  chemical 
substances  induce  the  cessation  of  multiplication  and  the  tendency  to 
conjugation,  whether  formed  from  the  flagellates,  or  the  bacteria,  or  from 
both.  As,  however,  we  are  at  present  engaged  in  making  a  full  study  of 
this  interesting  flagellate  from  a  biological  standpoint  we  will  not  further 
discuss  these  questions  at  present. 
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Loss  of  Sytigamy  and  the  Power  to  fon^m  Cysts. — We  have  discovered  one  very 
interesting  and  important  fact,  however,  which  deserves  to  be  mentioned. 
By  sub-culturing  the  flagellates*  while  they  are  still  all  in  the  active  condi- 
tion, i.e.  before  cysts  have  been  developed,  on  to  a  fresh  plate  of  the  same 
medium,  we  have  found  that  multiplication  will  continue  for  a  further 
period  (of  two  days  or  so),  before  conjugation  sets  in.  The  important  fact, 
however,  is  that,  after  a  certain  number  of  sub-cultures  have  been  thus 
made,  the  flagellates,  although  they  are  still  able  to  thrive  and  multiply 
actively  on  each  successive  transference,  no  longer  undergo  syngamy,  followed 
by  cyst-formation,  and  have,  so  far  as  can  be  seen,  entirely  lost  the  power  to 
do  so,  at  all  events  under  the  existing  conditions.f  Up  to  the  present  time 
(October),  we  have  tlius  kept  a  "  strain  "  for  more  than  20  weeks,  through 
.>5  sub-cultures  on  to  fresh  "  constant "  medium,  and  in  each  sub-culture  the 
flagellates  have  multiplied  enormously.  In  the  sub-cultures  up  to  the  fourth 
a  very  few  isolated  cysts  were  still  found.  Bid  in  none  of  the  subsequent 
ones  has  a  single  cyst  ever  been  seen.  The  flagellates,  instead  of  conjugating 
and  forming  great  numbers  of  cysts,  as  usual,  degenerate  and  die  off,  only  a 
small  proportion  remaining  still  alive.  Yet,  at  the  end  of  10  or  12  days, 
sometimes  more,  a  few  indiAaduals  still  persist  alive,  and  the  transference  to 
a  fresh  sub-culture  can  be  successfully  made.  The  flagellates  which  remain 
alive  are  rounded,  granular,  very  sluggish  forms,  with  the  flagellum  sticking 
straight  out  and  almost  motionless ;  but,  in  the  fresh  medium,  they  are 
capable  of  quick  recuperation  and  renewed  multiplication. 

During  the  earlier  weeks,  after  this  new  strain  was  fairly  started,  we  never 
observed  any  biflagellate  forms,  comparable  to  the  conjugating  pairs  above 
described,  although  thousands  of  individuals  nmst  have  passed  under  our  eyes. 
Then,  during  the  8th  and  9th  weeks,  respectively,  we  observed  on  two 
occasions,  in  different  observation  preparations,  a  single  biflagellate  individual. 
After  this,  we  looked  carefully  for  others,  at  intervals,  but  no  more  were  seen 
until  the  14th  week  (in  the  23rd  sub-culture),  when  another  was  observed. 
Since  that  time,  in  most  of  the  sub-cultures,  a  few  biflagellate  individuals 
(banner-like  forms)  have  been  found  and  the  number  of  these  has  gradually 
tended  to  become  less  infrequent,  although  they  still  constitute  a  very  small 

*  This  exijerimental  work,  it  may  be  mentioned,  has  been  carried  out  upon  another 
species  of  Hellesimastiv,  with  which  we  hare  worked  latterly.  This  form  (H.  major, 
n.  sp.)  also  occurs  both  in  sheep  and  goats,  and  differs  only  from  ff.  fcecicola  in  the  larger 
size  of  the  adult  individuals  and  also  of  the  cysts,  rendering  it  more  convenient  for  study. 
The  life-cycle  is  similar  in  both. 

t  We  tried  the  experiment  of  re-introducing  the  non-conjugating  "strain '' into  the 
original  dung-culture  (sterilised)  with  the  object  of  seeing  whether  the  ability  to 
undergo  syngamy  would  be  restored.     This  also  gave  negative  results. 
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proportion  only  of  the  total  numljer  of  flagellates  present.  We  have  been 
able,  on  several  occasions  recently,  to  follow  the  further  behaviour  of  these 
forms,  and  have  ascertained  the  important  fact  that  they  always  divide,  and 
never  become  rounded-off  and  form  cysts.  Moreover,  we  have  observed  a 
certain  numl:»er  of  these  forms  which  were  very  large  and  possessed  not  two, 
but  three,  or  even  four  or  five  flagella  (and  nuclei,  as  ascertained  from 
permanent  preparations).  AVe  have  seen  an  individual  with  three  flacrella, 
and  also  one  with  five,  actually  divide  into  two  rather  unequal  jiortions  :  in 
the  former  case,  one  half  had  two  flagella  and  the  other  one,  and  in  the  latter 
case,  one  had  three  and  the  other  two  flagella  (and  nuclei). 

We  will  assume,  for  the  present,  that  these  forms  represent  a  union  of  two 
or  more  individuals,  rather  than  a  long-delayed  division.*  When  we  first 
olDserved  the  isolated  instances  of  biflagellate  forms  in  this  strain,  we  con- 
sidered that  they  represented  true  syngamy,  whicli,  although  occurring  very 
rarely  was  apparently  still  "  latent."  We  now  know  (1)  that  these  "  unions  " 
may  be   either   binary  or  multiple,  apparently  more  or  less  indifferently  : 

(2)  that  these  forms  always  divide,  the  nuclei  and  flagella  being  apportioned 
out,  often  unequally,  between  the  two  halves,  and  that  they  never  proceed  to 
form  cysts — the  invariable  sequel,  normally,  to  conjugation  in  Helhmmastui ; 

(3)  and,  lastly,  that  these  forms,  or  the  products  of  their  division,  are  equally 
incapable  of  persisting  ultimately  (unless,  of  course,  they  are  transferred  to 
fresh  medium).  Hence,  we  feel  certain  that  none  of  these  unions  represent 
true  syngamy.  Bearing  in  mind  the  extremely  plastic  character  of  the 
cytoplasm  of  this  creature,  we  consider  these  unions  are  due  to  physical, 
rather  than  '■  vital  "  factors,  and  result  from  continued  cultivation  and  the 
condition  of  the  culture  at  the  time. 

In  our  opinion,  these  peculiar  cases  do  not  invalidate  the  following 
general  conclusion  which  we  wish  to  draw  from  our  observations  on  this 
non-conjugating  strain.  The  "  intensive "  culture  of  this  flagellate  has 
resulted  in  the  loss  of  the  power  to  undergo  true  syngamy  and  to  form  cysts. 
The  further  existence  of  this  "  strain "  is  now  dependent  on  continued 
transference  to  fresh  "constant"  medium.  Minchin,  in  his  'Introduction 
to  the  Protozoa'  (London,  Arnold,  1912),  in  the  chapter  on  "Syngamy  and 
Sex,"  has  pointed  out  (p.  161)  that  "  intensive  culture,  whether  artificial  or 

*  We  cannot  yet  write  with  certainty  upon  this  point,  because  we  think,  from  the 
evidence  obtained  so  far,  it  is  possible  that  these  forms  represent  a  long-drawn-out  mode 
of  division,  due  to  the  effect  of  the  cultural  conditions,  in  which  the  nucleus  and 
'  flagellum  divide,  it  may  be  more  than  once,  before  the  cytopla.sm  does.  There  are  other 
cases  known  of  a  corresponding  behavioiu-  under  conditions  which  are  probably  not 
quite  normal  ;  an  example  which  is  particularly  interesting  in  relation  to  the  present 
discussion  is  that  of  multiple  longitudinal  fission  in  certain  lethal  trypanosomes. 
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natural,  as  in  parasitism,  seems  to  diminish  the  necessity  for  syngamy  "  ;  from 
this  stage  it  is  only  a  step  further  to  find  the  capacity  for  syngamy  lost. 

Bmnng  on  the  Case  of  the  Trt/panosomes. — It  appears  to  us  that  this  remark- 
able experimental  fact  has  an  important  bearing  on  the  question  of  the 
trypauosomes,  and  may  afford  an  explanation  of  why  conjugation  (or  syngamy) 
in  these  parasites,  though  assiduously  sought,  has  not  been  observed  in  any 
authenticated  instance.  Probably  it  never  does  occur,  because  these  forms 
have  lost  the  power  to  conjugate.  Just  as,  in  the  case  of  the  above-discussed 
strain  of  Hellcsimastix,  the  rapid,  successive  transferences  to  fresh,  non- 
toxic medium  at  first  removed  the  necessity  for  conjugation  (and  encystment), 
and  then  have  led  to  the  loss  of  the  ability  to  undergo  syngamy  (and,  in  this 
case,  to  form  cysts),  so  a  similar  development  has  very  likely  occurred  in  the 
trypauosomes  and  related  forms.  As  is  obvious,  the  conditions  of  life  in  these 
parasites  are  readily  comparable  to  those  above  described.  The  trypauo- 
somes live  in  a  rich  nutritive  medium,  namely  blood,  in  the  vertebrate,  or 
blood  in  various  stages  of  digestion,  in  the  invertebrate  host ;  and,  as  is  well 
known,  rapid  multiplication  in  both  hosts  is  usually  found.  In  the  inverte- 
brate we  get,  more  or  less  frequently,  replenishment,  i.e.  a  fresh  supply  of 
the  "  constant "  medium  (namely  blood),  together  with  removal  of  toxic 
products.  In  the  blood  of  the  vertebrate,  where  there  is  at  first  abundance 
of  medium,  but  not  any  "  fresh  "  supply,  it  is  very  interesting  to  note  that, 
in  the  case  at  all  events  of  many  lethal  trypanosomes,  which,  as  Minchin  has 
pointed  out,  are  not  yet  completely  adapted  to  their  hosts,  we  get  the  pro- 
duction eventually — after  active  multiplication  has  gone  on  for  some  time^ 
of  the  well  known  "  involution  "  forms.  These,  at  any  rate  in  our  opinion, 
as  in  that  of  many  French  workers,  simply  die  off  after  a  time,  if  left  to 
themselves ;  but  they  are  capable  of  being  "  rejuvenated "  and  of  again 
multiplying  actively  if  passed  into  a  fresh  host.  And  a  similar  state  of 
affairs  has  been  met  with  by  one  of  us  in  cultures  of  avian  trypanosomes. 
Now  it  seems  to  us  that  these  two  cases  present  a  very  close  pai'allel  to  what 
we  have  observed  in  Helkesimastix.  It  may  be  pointed  out,  also,  that  the 
non-conjugating  strain  of  Helkesimastix  is  the  result  of  an  abruptly 
originating  and  more  or  less  artificial  intensive  culture,  whereas  in  the  case 
of  trypanosomes  and  allied  parasitic  flagellates  the  corresponding  conditions 
have  operated  naturally  and  over  a  long  duration  of  time. 

On  the  supposition  that  syngamy  has  now  been  entirely  lost  in  the  haemo- 
flagellates,  the  explanation  which  we  here  put  forward  is  much  more  probable, 
we  think,  than  the  idea,  which  has  also  been  suggested,  that  the  stimulus 
afforded  by  the  change  of  hosts  is  accountable  for  the  loss  of  this  process 
in  the  trypanosomes.     We  have  alw'ays  considered  that  there  are  two  or 
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three  serious  objectious  to  this  latter  view.  Briefly  stated,  these  are  as 
follows : — (1)  Trypanosomes  can  be  successfully  inoculated,  without  limit, 
into  fresh  vertebrate  hosts,  i.e.  the  same  "  constant "  physiological  medium, 
without  showing  (so  far  as  is  known)  conjugation.  (2)  Binucleate  flagellates 
of  insects  alone  (e.g.  certain  leptomonads)  have  no  alternation  of  hosts, 
and  syngamy  is  apparently  just  as  little  likely  to  be  found  in  these 
parasites  as  in  the  trypanosomes  themselves.  (We  are  inclined  to  think, 
indeed,  that  syngamy  may  have  been  lost  in  the  ancestral  trypanosome  form, 
before  ever  it  acquired  an  alternation  of  hosts.)  Lastly,  we  have  the 
important  case  of  the  Hiemosporidia,  intracellular  parasites  which  all  have 
the  change  of  hosts,  and  in  all  of  which  conjugation  regularly  occurs.  Why 
should  not  the  physiological  stimulus  aftorded  by  the  change  of  environment 
have  influenced  them  also  ?  And,  on  the  other  hand,  there  is  no  reason  to 
doubt  that  the  primitive  ancestors  of  the  trypanosomes  underwent  a  pro- 
cess of  syngamy,  since  it  appears  likely  that  many  of  these  lowly  proto- 
monadine  forms,  among  which  the  origin  of  the  trypanosomes  is  to  be  sought, 
possess  this  feature. 

We  consider,  therefore,  developing  the  ideas  expressed  by  Cropper  and  Drew 
{loc.  cit.)  along  the  line  indicated  by  the  experimental  facts  adduced  above,  that 
the  loss  of  syngamy  is  due  to  the  surfeit  of  nutrition,  together  with  the  non- 
toxicity  of  the  medium,  that  is  to  say,  the  absence  (in  excess)  of  the  chemical 
substance  or  substances  to  which  the  flagellates  react  normally  by  the 
cessation  of  multiplication  and  the  onset  of  conjugation.  It  will  be  readily 
apparent,  from  what  has  been  just  pointed  out,  how  these  factors  have  pre- 
vailed in  the  case  of  the  trypanosomes.  And  we  think  that  a  similar 
explanation  can  be  applied,  not  only  to  the  case  of  insectan  Binucleata,  but 
probably  to  that  of  many  other  parasitic  flagellates  as  well. 
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EXPLANATION   OF  FIGURES. 

All  the  drawiugs,  with  the  exceptiou  of  fig.  12,  aie  from  sketches  made  diiectly  at  the 
time  of  the  living  observation.  Fig.  12  is  a  camera  lucida  drawing  of  an  individual  fixed 
with  osmie  acid  vajjour.  The  magnification  throughout  is  approximately  2250  times 
linear,  arrived  at  after  a  comjmrison  of  other  individuals  fixed  with  osmic.  We  are 
indebted  to  Miss  Rhodes  for  kindly  tinting  and  shari^-ning  up  the  drawings. 

In  our  figures,  we  have  shown  the  nucleus  or  omitted  it,  according  as  to  whethei'  we 
were  able  to  observe  its  position  in  the  particular  individual  represented,  or  not.  As 
mentioned  in  the  text,  we  were  unable  to  make  out  satisfactorily  the  nuclei  in  life,  in 
the  conjugating  pairs. 

Note  with  regard  to  the  flagellum  : — As  mentioned  in  the  text,  the  length  of  the 
rtagellum  varies  in  individuals  otheiwise  similai".  In  order  to  save  space,  we  have  drawn 
the  flagellum  usually  short,  except  in  fig.  10  ;  the  flagellum  of  the  individual  of  fig.  12  is, 
of  coui-se,  natural  length. 

Plate  13. 
Figs.  1-3.— Cysts. 

Figs.  4-7.— Excystation  and  the  development  of  the  flagellum. 
Figs.  8-11. — Diflerent  forms  of  individuals. 
Fig.  12. — Individual  fixed  with  osmic  acid  vapour,  to  .show  that  the  flagellum  is  not 

actually  attached  by  any  membiune  to  the  body. 
Figs.  13  and  14. — -To  illustiute  the  behaviour  of  the  flagellum  in  turning  of  the  body. 
Figs.  15-17. — Rupture  of  a  large  contractile  vacuole  and  form- changes  of  the  body. 
Figs.  18-21. — To  illustrate  a  mode  of  turning  of  a  stationary  individual  (see  text). 
Figs.  22-26,  27-31,  and  32  and  33.^DifFerent  instances  of  di\ision  (binary  fission). 

Plate  14. 

Figs.  34-36.— Diiferent  forms  predominating  in  a  cultuie  about  to  start  conjugation. 
Figs.  37-62. — The  whole  process  of  conjugation  (syngamy),  showing  the  different  form- 

changes  during  the  progress  of  the  fusion. 
Figs.  63-67. — The  gradual  contiuction  of  the  body  and  absoiption  of  the  two  flagella  of 

the  zygote,  prior  to  encystment. 
Figs.  68  and  69. — The  cysts  as  fii-st  formed,  so-called  "shrinkage"  cysts,  with  a  vacuole 

or  space  of  varying  size. 
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LXV.     THE    RATE    OF   INACTIVATION    BY    HEAT 
OF   PEROXIDASE    IN    MILK.     I. 

By  SYLVESTER    SOLOMON    ZILVA. 

From  the  Biochemical  Department,  Lister  Institute. 

{Received  Nov.  16th,  19U.) 

The  presence  of  peroxidase  in  fresh  cow's  milk  can  be  detected  by  the 
usual  reagents  for  that  enzyme.  Hydrogen  peroxide  and  j9-phenylenedi- 
amine  are  considered  the  most  sensitive  reagents  for  the  purpose  and  are 
mostly  employed  in  testing  milk  for  peroxidase  (Storch's  reaction).  A  dark 
blue-grey  colour  is  imparted  almost  instantaneously  to  the  milk  if  the  reaction 
is  positive. 

That  peroxidase  is  an  actual  constituent  of  the  milk,  and  not  due  to 
bacterial  contamination,  is  evident  from  the  fact  that  initially  sterile  cow's 
milk,  or  milk  rendered  sterile  directly  after  milking  by  antiseptics  like 
chloroform  or  toluene,  gives  a  positive  reaction.  On  the  other  hand,  bacterial 
cultures  from  the  most  common  organisms  in  milk  fail  to  react  for  peroxidase 
[Lane-Claypon,  1913,  p.  11]. 

Everything  seems  to  point  to  the  fact  that  the  enzyme  is  associated  with 
the  albumin  fraction  of  the  milk.  Julius  Meyer  [1910]  showed  that  when 
caseinogen  is  brought  down  by  means  of  trichloracetic  acid,  acetic  acid, 
natural  acidity  or  calcium  chloride,  and  properly  washed,  it  does  not  react 
for  peroxidase,  while  casein  brought  down  by  means  of  rennet  gives  but  a 
faint  reaction.  Again,  when  milk  is  centrifuged  the  enzyme  remains  in  the 
fluid  and  does  not  go  up  with  the  cream  [Lane-Claypon,  1913,  p.  12].  Yet 
when  the  precipitate  brought  down  from  whey  by  saturating  it  with 
ammonium  sulphate  is  redissolved,  the  solution  reacts  very  intensely  for 
peroxidase  [Lane-Claypon,  1913,  p.  10]. 

Like  most  enzymes,  peroxidase  can  be  inactivated  by  heat,  or  at  least, 
when  the  milk  is  heated  beyond  certain  temperatures  for  some  time  no 
perceptible  reaction  is  manifested  when  the  usual  reagents  are  employed. 
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This  fact  Storch  found  could  be  utilised  as  a  reliable  test  for  detecting  whether 
the  milk  had  been  heated  to  80°  C. 

Van  Eck  [1911],  investigating  the  process  of  inactivation  of  peroxidase 
in  niilk  by  heat,  found  that  it  proceeds  as  a  reaction  of  the  first  order  and, 
making  use  of  the  formula  for  a  unimolecular  reaction,  was  able  to  obtain 
a  constant.  This  was  confirmed  by  the  author,  who  further  investigated  the 
matter  with  the  view  of  ascertaining  whether  the  peroxidase  reaction  in  milk 
could  be  employed  with  any  certainty  as  a  test  for  pasteurisation.  The 
temperature  coefficient  for  the  inactivation  of  peroxidase  in  milk  and  the 
influence  of  acidity  and  alkahnity  and  neutral  salts  on  the  rate  of 
inactivation  were  studied. 


Experimental  Method, 

The  technique  employed  was  very  similar  to  that  used  bv  van  Eck. 
There  is  no  method  for  the  determination  of  the  absolute  quantity  of  per- 
oxidase, and  therefore  the  amount  of  the  enzyme  present  in  the  samples  was 
determined  relative  to  that  of  the  raw  milk  used  in  the  experiment,  and 
expressed  as  a  percentage  of  the  same.  It  was  carried  out  colorimetrically. 
For  the  standard  scale  38  test  tubes  were  used,  each  containing  from  0-1  cc. 
to  5  cc.  of  raw  milk  and  made  up  to  10  cc.  ^vith  boiled  milk.  The  experimental 
tubes  contained  5  cc.  of  the  sample  under  investigation,  and  5  cc.  of  boiled 
milk.  To  each  of  the  tubes,  both  experimental  and  scale,  0-3  cc.  of  1  % 
hydrogen  peroxide  and  0-25  cc.  of  2  %  j:>-phenylenedianiine  were  added. 
Half  an  hour  was  allowed  to  elapse  between  the  addition  of  the  reagent  and 
the  comparison  of  the  samples  with  the  scale.  After  that  period  no  perceptible 
change  could  be  discerned  to  take  place  in  the  shades  of  the  tubes  during 
the  time  of  the  estimation.  A  fresh  scale  was  made  up  for  each  experiment 
and  the  raw  milk  employed  invariably  was  of  the  same  sample  as  the  milk 
used  for  investigation.  New  solutions  of  hydrogen  peroxide  and  p-phenylene- 
diamine  were  also  made  up  every  time,  for  the  former  is  very  unstable  and 
the  latter,  hke  guaiacum  tincture,  after  remaining  for  some  time  in  solution, 
will  react  with  milk  without  the  addition  of  hydrogen  peroxide.  The  experi- 
mental error  of  this  method  varies  from  5  %  when  the  peroxidase  content 
is  high  to  2  %  when  the  amount  of  peroxidase  to  be  estimated  is  low. 

The  milk  for  investigation  was  heated  in  a  beaker  covered  with  a  cork 
lid,  through  which  passed  a  thermometer  graduated  in  tenths  of  a  degree 
and  a  stirrer,  and  which  was  provided  with  an  opening  for  the  removal   of 
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the  samples.  The  beaker  was  placed  in  an  asbestos-jacketed  water-bath, 
having  a  layer  of  liquid  paraffin  on  the  surface  to  diminish  the  evaporation, 
and  regulated  by  a  toluene  regulator.  Like  the  beaker,  the  bath  contained 
a  stirrer  driven  by  a  water-motor.  In  starting  the  experiment  the  milk  in 
the  beaker  was  quickly  brought  up  to  the  desired  temperature  in  a  boiling 
water-bath,  and  then  without  loss  of  time  placed  in  the  regulated  bath  and 
the  stirrers  set  going.  As  soon  as  the  temperature  in  the  beaker  became 
constant  the  first  sample  was  taken.  The  taking  of  the  samples  was  then 
repeated  after  the  desired  intervals.  In  removing  the  samples  warmed 
pipettes  were  used  in  order  not  to  cool  down  the  milk  in  the  beaker.  The 
test  tubes  containing  the  freshly  withdrawn  samples  were  immediately 
placed  in  cooled  water  so  that  the  temperature  of  the  milk  was  rapidly 
brought  down.  The  entire  procedure  of  removing  the  samples  was  carried 
out  regularly  in  ten  seconds. 

DETERraNATION    OF   THE    TEMPERATURE    COEFFICIENT. 

In  order  to  determine  the  temperature  coefficient  of  the  rate  of  inactivation 
by  heat  of  the  peroxidase  in  milk,  it  was  necessary  to  ascertain  the  constants 
for  several  temperatures  from  which  the  coefficients  could  be  calculated. 
Preliminary  experiments  showed  that  heating  of  milk  at  65°  C.  for  four 
hours  made  hardly  any  perceptible  impression  on  the  peroxidase  content. 
On  the  other  hand,  at  72°  C.  the  inactivation  of  the  enzyme  proceeded  at 
a  rate  much  too  fast  for  any  reliable  results  to  be  recorded.  Temperatures 
of  71°,  70°  and  69°  were  foimd  to  be  very  convenient  and  were  accordingly 
chosen  for  the  determination  of  the  constants.  The  following  tables  give 
the  results  obtained  for  these  three  temperatures. 


TABLE 

I. 

Time  of 

Percent,  of  per- 

leating in 

Temperature 

Percent. 

of 

oxidase  calculated 

minutes 

of  milk 

peroxidase 

from  K= 0-005066 

0 

6905°  C. 

63 

77 

20 

68-95 

61 

61 

40 

68-9 

49 

48-3 

60 

68-9 

37 

38-2 

80 

68-9 

31 

30-3 

101 

68-9 

25 

24 

120 

68-85 

19 

19 

140 

68-85 

17 

15 

^-l^^l 

^0-005066  where  t  = 

100  mins.. 

C,-- 

=  61,  C,  =  19 
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TABLE 

11. 

Time  of 

heating  in 

minutes 

Temperature 
of  milk 

Percent,  of 
peroxidase 

Percent,  of  per- 
oxidase calculated 
from  K  =0-01333 

0 

70-25°  C. 

61 

55-7 

10 

70-1 

41 

41 

20 

70-1 

30 

301 

50 

70-07 

12-5 

12 

60 

7005 

9-5 

8-8 

70 

70-05 

6-5 

6-5 

80 

7005 

5-6 

4-8 

659 


K  =  - log  pi  =  0-01333  where  <  =  60mins.,  Ci=41,  C2  =  6-5. 


TABLE 

III. 

Time  of 

heating  in 

minutes 

Temperature 
of  milk 

Percent,  of 
peroxidase 

Percent,  of  per- 
oxidase calculated 
from  K  =0-02698 

0 

7M5°C. 

37 

35-5 

5 

71-08 

26 

26 

10 

71-05 

18 

19-1 

15 

71 

13 

13-9 

20 

70-98 

9-5 

10-2 

25 

70-98 

8 

7-5 

30 

70-9 

5-5 

5-5 

35 

70-9 

4-5 

4 

--1 

log 

=  0-02698  where  t  = 

=  25  mins.,  0^  = 

26,  C2=5-5. 

The  last  column  in  these  tables  gives  the  percentage  of  peroxidase 
calculated  from  the  constant  (K)  obtained  from  the  equation  of  a  unimolecular 
reaction.  The  first  and  last  readings  were  not  utilised  for  calculating  the 
constant,  as  the  possibiUty  of  error  was  more  likely  in  these  cases  than  in 
any  other.  In  the  first  sample  the  temperature  is  usually  not  quite  constant 
and  the  high  content  of  the  enzyme  makes  accurate  estimation  harder  than 
in  the  other  samples,  while  in  the  last  sample  the  experimental  error  of  the 
colorimetric  method  is  too  significant  in  comparison  with  the  low  peroxidase 
content  to  be  determined.  The  second  reading  and  the  last  but  one  were 
therefore  employed.  Considering  that  the  method  which  was  employed  for 
the  estimation  of  the  enzyme  cannot  claim  a  very  high  degree  of  accuracy, 
the  figures  calculated  from  the  constants  agree  well  with  the  figures  actually 
obtained  by  experiment  and  this  shows  clearly  that  the  inactivation  of  the 
enzyme  proceeds  as  a  reaction  of  the  first  order.  It  is  also  to  be  observed 
that  constants  obtained  by  calculating  from  different  data  in  the  tables 
gave    results   which    approximated   to   those   given   above.      The   error   in 
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the  constant  is  probably  between  5-10  % .     Fig.  1  gives  a  graphic  representa- 
tion of  the  rates  of  inactivation  at  the  three  temperatures. 
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Calculating  the  temperature  coefficient  from   the   three   constants,   we 
obtain  the  following  figures: 


TABLE    IV. 


Temperature 

68-9°  C. 
70075 
70-95 
70-95 


Constant 

0-005066 
001333 
0-02698 
0-02698 


Difference  in 

temperature 

in  degrees 

1-175 

0-875 
2-05 


Mean  temperature  coeffieient 


Temperature 

coefficient 
for  one  degree 

2-278 

218 

2-236 

2-231 


The  mean  temperature  coefficient  is  therefore  2-23  per  degree.  This  high 
value  is  of  the  same  order  as  that  found  by  Famulener  and  Madsen  [1908] 
for  the  inactivation  of  tetanolysin  and  vibriolysin  nasik  by  hot  water.  For 
the  former  the  authors  obtained  the  value  of  24  and  for  the  latter  a  value 
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a  little  under  2  for  one  degree.  Chick  and  Martin  [1910]  also  found  the 
temperature  coefficient  for  the  coagulation  of  egg  albumin  by  heat  to  be 
equal  to  1-9  per  degree. 

The  results  of  Tables  I,  II  and  III  moreover  show  the  irapossibihty  of 
applying  the  peroxidase  reaction  as  a  direct  test  for  pasteurisation.  The 
term  "pasteurisation"  has  a  very  broad  application  as  to  the  temperature 
and  time  of  heating  the  milk.  It  is  not  uncommon  in  some  dairies  in 
"pasteurising"  to  heat  the  milk  up  to  80°  C.  (176°  F.),  but  according  to  the 
definition  laid  down  by  the  Department  of  Health  of  the  City  of  New  York, 
pasteurisation  consists  in  heating  the  milk  at  not  less  than 

158='  F.  (70°  C.)     for  at  least    3  mins. 
155"  F.  (68-3^  C.)  „  5    „ 

152=  F.  (66-7°  C.)  „  10    „ 

148'  F.  (64-4°  C.)  „  15    „ 

145'  F.  (62-8°  C.)  „  18     „ 

140'F.  (60°C.)  „         20    „ 

From  the  constant  obtained  above  for  70°  C.  it  can  be  calculated  that  91-2  % 
of  the  original  peroxidase  would  remain  after  heating  the  milk  for  3  minutes 
at  158°  F.  (70°  C).  Such  an  amount  of  peroxidase  could  be  differentiated 
with  difficulty  by  the  colorimetric  method  from  the  full  amount  of  100  % , 
even  if  the  original  sample  of  raw  milk  could  be  used  for  the  scale.  In 
testing  milk,  however,  for  pasteurisation  the  original  raw  milk  is  never 
available  and  although  different  samples  of  raw  milk  differ  apparently  but 
little  in  intensity  in  the  peroxidase  reaction,  the  possibility  of  small  variations 
is  by  no  means  excluded.  This  would  make  the  differentiation  still  more 
uncertain.  As  regards  the  lower  temperature,  20  minutes  heating  at  60°  C. 
would  make  no  perceptible  impression,  since,  as  we  have  seen,  4  hours  at 
65°  C.  makes  hardly  any  difference  to  the  peroxidase  content  of  the  milk. 
It  is  then  evident  that  the  peroxidase  reaction  cannot  be  applied  at  all  as 
a  test  for  pasteurisation.  It  may,  however,  serve  as  an  indication  whether 
"pasteurised"  milk  has  been  overheated. 


TABLE    V. 

Temperature 

Constant 

Time  in  mins.  necessary 

to  bring  peroxidase 

down  to  10  "o 

70°  C. 

001.3.33 

75 

71 

002973 

33 

72 

006634 

15 

73 

01 4802 

6-8 

74 

0-3.3022 

3 

75 

0-7.3673 

1-3 

80 

40-72004 

under  a  minute 

Time  in  mins.  necessary 

to  bring  peroxidase 

dow-n  to  50  % 

22-5 

10-3 

4-6 

2 

under  a  minute 
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Table  V  gives  the  periods  of  time  for  which  the  milk  must  be  heated  at 
different  temperatures  between  70°  C.  and  80°  C.  in  order  to  bring  down  the 
peroxidase  content  to  10  %  and  50  %  respectively.  The  calculations  are 
made  on  the  assumption  that  the  temperature  coefficient  remains  the  same 
as  the  temperature  rises  and  the  constants  in  the  table  are  obtained  on  that 
assumption.  It  is  clear  from  the  figures  that  at  temperatures  beyond  71°  C. 
very  short  periods  of  heating  produce  well  marked  impressions  on  the 
peroxidase  content  of  milk. 

Influence  of  Acidity  and  Alkalinity  on  the  Eate  of 
Inactivation  of  Peroxidase  in  Milk. 

Experiments  were  instituted  with  the  object  of  studying  the  effect  of 
acidity  and  alkahnity  on  the  rate  of  inactivation  of  peroxidase  in  milk.  The 
H  ion  concentration  of  the  milk  was  determined  by  the  gas  chain  method. 
Unfortunately  the  determination  of  H  ion  concentration  in  a  medium  like 
milk  is  fraught  ^v^th  many  technical  difficulties,  and  the  results  obtained, 
though  definitely  showing  the  general  effect  of  acidity  and  alkalinity,  are 
not  exact  enough  for  publication  in  detail.  The  result  arrived  at  is  that 
a  small  increase  in  acidity  retards  and  in  alkalinity  accelerates  the  rate  of 
inactivation.  Thus  the  addition  of  such  a  quantity  of  lactic  acid  as  changed 
the  P~  of  the  milk  from  about  6-57  to  5-75  brought  down  the  constant  at 
70°  C.  from  0-01333  to  0-01086,  while  the  addition  of  potash  which  changed 
the  Pj^  to  about  8-26  increased  the  rate  of  inactivation  at  the  same  temperature 
to  such  an  extent  that  the  peroxidase  content  of  the  milk  came  down  to 
2  %  in  the  preliminary  heating. 

Influence  of  Salts  on  the  Eate  of  Inactivation  of  Peroxidase 

IN  Milk. 

It  was  observed  by  Chick  and  Martin  [1911]  that  the  addition  of  sodium 
chloride  and  ammonium  sulphate  retarded  the  rate  of  coagulation  of  egg- 
albumin  by  heat.  It  was  therefore  desirable  to  ascertain  the  influence  of 
salts  on  the  rate  of  inactivation  of  peroxidase  in  milk  by  the  same  agency. 
From  preliminary  experiments  it  was  observed  that  the  addition  of  sodium 
chloride  greatly  retarded  the  rate  of  inactivation.  In  milk  made  up  to  the 
concentration  of  a  N/1  NaCl  solution  the  inactivation  of  the  peroxidase  at 
70°  C.  was  brought  down  to  a  rate  too  slow  for  convenient  observation, 
and  therefore  N/10  and  N/20  solutions  were  used  in  the  actual  experiments. 
The  addition  of  salts  alters  the  tone  of  the  colouration  produced  by  the 
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peroxidase  reaction  and  salt  was  therefore  added  to  the  scale  tubes  in  the 
same  proportion  as  to  the  sample  under  investigation.  Tables  VI,  VII  and 
VIII  illustrate  the  action  of  sodium  chloride  and  Fig.  2  shows  the  same 
results  graphically. 

TABLE    VI. 

(N/10  NaCl.) 


Percent,  of 

Time  of 

peroxidase 

heating  in 

Temperature 

Percent. 

of 

calculated  from 

minutes 

of  milk 

peroxida 

se 

K  =0002063 

0 

69-9°  C. 

72-5 

72-5 

30 

69-9 

59 

62-9 

90 

69-9 

48 

47-4 

120 

69-9 

42 

411 

150 

69-9 

36 

35-6 

180 

69-9 

TABLE 

32 
VII. 

30-9 

(N/20  NaCl.) 

Percent,  of 

Time  of 

peroxidase 

heating  in 

Temperature 

Percent. 

of 

calculated  from 

minutes 

of  milk 

peroxidase 

K  =0003995 

0 

70-2 

72-5 

72-5 

31 

7015 

50 

54-5 

60 

70- 1 

41 

41-8 

90 

70 

31 

31-7 

120 

70 

25 

24-1 

150 

70 

TABLE 

20 
VIII. 

18-25 

{Normal  Milk,  no  salt  added. 


Time  of 

heating  in 

Temperati 

minutes 

of  milk 

0 

69-9 

5 

700 

10 

700 

25 

701 

40 

701 

55 

70-2 

70 

70-2 

Percent,  of 
peroxidase 

62-5 

50 

40 

24 

14 

8 

4 


Percent,  of 

f)eroxidase 

calculated  from 

K  =001721 

62-5 

51-3 

42 

23-2 

12-8 

7 

3-9 


1  C 

Calculating  K  =  -  log  ^'  from  different  points  on  the  curves  in  Fig.  2  we 

ret  the  following  mean  coefficients  for  the  corresponding  concentrations: 

N/IO  NaCl,  K  =  0002063. 
N/20  NaCl,  K  =  0  003995. 
Normal  Milk.  K  =0  01721. 
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It  is  seen  from  the  above  figures  that  the  concentration  of  N/20  salt  reduces 
the  rate  to  about  one  quarter  and  N/10  to  about  one  eighth.  The  constant 
for  the  normal  milk  is  rather  higher  than  the  one  usually  obtained  for  a 
similar  temperature,  but  the  same  sample  of  milk  was  used  for  the  experiments 
with  the  N/10  NaCl  and  N/20  NaCl  and,  consequently,  these  results  would 
also  be  proportionately  higher. 
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Fig.  2. 

The  next  thing  to  ascertain  was  whether  other  salts  had  a  retarding 
effect  on  the  rate  of  inactivation,  and  if  so  whether  that  influence  was  specific 
or  otherwise.  The  number  of  different  salts  used  had  to  be  restricted  as 
some,  even  in  such  dilutions  as  N/20,  bring  down  the  caseinogen  at  70°  C. 
immediately,  or  after  some  time.  In  all  the  cases  tried  the  addition  of  the 
salts,  in  concentration  of  N/20,  had  a  marked  retarding  effect,  although  the 
extent  of  that  influence  varied  in  most  cases.  The  influence  of  some  of  the 
salts  is  shown  by  the  results  in  the  following  tables.  Fig.  3  gives  curves 
expressing  these  results  as  well  as  those  in  Tables  VII  and  VIII. 
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TABLE 

IX. 

(N/20  KCl.) 

Percent,  of 

Time  of 

peroxidase 

heating  in 

Temperature 

Percent. 

of 

calculated  from 

minutes 

of  milk 

peroxidase 

K  =0-00526 

0 

70-4°  C. 

65 

65 

15 

70-5 

56 

54-2 

30 

70-5 

51 

45-2 

46 

70-5 

38 

37-7 

60 

70-5 

29 

31-4 

75 

70-5 

24 

26-2 

90 

70-5 

TABLE 

20 

X. 

21-8 

(N/20Na2SO4.) 

Percent,  of 

Time  of 

peroxidase 

heating  in 

Temperature 

Percent. 

of 

calculated  from 

minutes 

of  milk 

peroxidase 

K  =0-00546 

0 

70-35°  C. 

77-5 

75-5 

15 

70-32 

62-5 

62-5 

30 

70-35 

53 

51-8 

45 

70-3 

42 

42-9 

60 

70-3 

33 

35-5 

75 

70-3 

28 

29-4 

90 

70-3 

TABLE 

20 

XI. 

24-3 

(N/2OKNO3.) 

Percent,  of 

Time  of 

peroxidase 

heating  in 

Temperature 

Percent. 

of 

calculated  from 

minutes 

of  milk 

peroxidase 

K  =0-00981 

0 

70-2°  C. 

72-5 

82-8 

15 

70-4 

59 

69 

30 

70-35 

40 

42 

45 

70-4 

28 

30 

60 

70-4 

20 

21-35 

75 

70-35 

IG 

15-2 

90 

70-4 

10 

10-8 
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Calculating  the  constants  from  the  curves  of  Fig.  3  we  get  the  following 

figures : 

N/20Naa  K  =  0-00399. 

N/20  KCl  K =0-00526. 

N/20Na2SO4  K  =0-00546. 

N/20  KNO3K  =0-00981. 

Normal  milk  K=  00225. 
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The  temperature  for  the  normal  milk  and  the  N/20  NaCl  was  slightly 
lower  than  for  the  remainder.  The  constant  of  the  normal  milk  has  been 
calculated  for  the  right  temperature  with  the  help  of  the  temperature 
coefficient.     The  temperature  coefficient  for  N/20  NaCl  has  not  been  deter- 


60  80 

Time  in  min. 

Fig.  3. 
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mined  and  consequently  no  correction  could  be  made  for  that  constant. 
The  results  seem  to  point  to  the  fact  that  the  influence  is  specific  and  is  not 
dependent  solely  on  the  valency  of  the  ions.  KNO3  and  KCl  contain  mono- 
valent kations  and  anions,  but  their  constants  differ  considerably.  On  the 
other  hand,  KCl  and  Na2S04  contain  anions  of  different  valency — the  former 
monovalent  and  the  latter  divalent — yet  their  constants  are  practically  the 
same. 
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The  Influence  of  Salts  on  the  rate  of  Inactivation  of 
Peroxidase  in  Whey. 

The  possibility  that  the  salts  act  on  the  caseinogen,  which  then  in  its 
altered  state  influences  the  rate  of  inactivation  of  the  peroxidase,  was  not 
excluded  by  the  foregoing  results  and  accordingly  the  effect  of  the  addition 
of  salts  to  whey  was  investigated.  The  whey  was  prepared  by  curdling  the 
milk  with  rennet  and  filtering  it  through  a  cheese-cloth.  The  experiments 
were  then  carried  out  in  the  same  way  as  with  the  milk.  The  inactivation 
of  the  peroxidase  in  the  whey  was  also  observed  to  proceed  as  a  reaction 
of  the  first  order  but  more  rapidly  than  in  the  milk  at  the  same  temperature. 
The  intensity  of  the  peroxidase  reaction  in  the  whey  was  stronger  than  in 
the  milk,  and  it  was  found  convenient  to  dilute  it  (1  part  whey  with  3  parts 
boiled  distilled  water). 

TABLE    XII. 


{Diluted  Whey,  no  addition  of  Salt.) 


Time  of 

heating  in 

minutes 

0 
15 
30 
45 
60 
75 


Temperature 
of  milk 

69-2°  C. 

69-35 

69-3 

69-3 

69-3 

69-3 


Percent,  of 
peroxidase 

72-5 
47 
28 
14 

9 

5 


Percent,  of 

peroxidase 

calculated  from 

K  =0-01485 

72-5 
43-4 
26 
15-6 

9-3 

5-5 


TABLE     XIII. 

{Diluted  Whey  and  N/20  NaCl). 


Time  of 

leating  in 

Temperature 

minutes 

of  milk 

0 

69-3°  C. 

15 

69-3 

30 

69-3 

45 

69-3 

60 

69-3 

75 

69-3 

90 

69-3 

Percent,  of 
peroxidase 

72-5 

62-5 

55 

50 

42 

40 

38 


Percent,  of 

peroxidase 

calculated  from 

K  =0-00344 

72-5 

64-3 

57-2 

50-8 

45-1 

40 

35-6 


Tables  XII  and  XIII  and  Fig.  4  show  the  influence  of  N/20  NaCl  on  the 
diluted  whey.  As  with  milk,  the  retarding  effect  is  well  marked.  N/20  KNO3 
was  also  found  to  produce  a  retarding  effect. 
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Whatever  the  uatflre  of  the  action  of  the  salts  may  be,  it  is  thus  seen 
to  be  independent  of  the  presence  of  the  caseinogen  and  fat.  Further 
investigation,  which  is  now  in  progress,  is  needed  in  order  to  ascertain  the 
nature  of  that  action,  and  whether  the  enzyme  is  influenced  directly  or 
indirectly  by  the  presence  of  the  salts. 
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Summary. 

1.  The  temperature  coefficient  for  the  inactivation  of  peroxidase  in  milk 
by  heat  is  found  to  be  2-23  per  degree  centigrade,  a  value  of  about  the  same 
order  as  the  temperature  coefficients  for  the  inactivation  by  heat  of  principles 
like  tetanolysin  and  vibriolysin  nasik  and  for  the  rate  of  coagulation  of  egg- 
albumin. 

2.  The  rate  of  inactivation  of  peroxidase  in  milk  below  70°  C.  is  so  small 
that  it  does  not  afford  the  opportunity  of  utilising  the  peroxidase  reaction 
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as  a  test  for  pasteurisation.     The  reaction  may,  however,  indicate  whether 
"pasteurised"  milk  has  been  overheated. 

3.  Small  additions  of  acid  retard  and  of  alkali  accelerate  the  rate  of 
inactivation  by  heat  of  peroxidase  in  milk. 

4.  The  presence  of  salts  retards  in  a  pronounced  way  the  inactivation 
rate.  This  retardation  varies  with  different  salts  and  is  independent  of  the 
valencies  of  their  ions. 

5.  As  in  milk,  the  inactivation  of  peroxidase  in  whey  proceeds  as  a 
reaction  of  the  first  order. 

6.  In  whey  also  the  presence  of  salts  has  a  retarding  influence  on  the 
rate  of  the  enzyme. 

In  conclusion  I  wish  to  express  my  indebtedness  to  Professor  Harden, 
F.R.S.,  for  the  valuable  advice  and  assistance  rendered  during  this 
investigation,  and  to  Dr  Onodera  for  helping  me  with  some  of  the  latter 
part  of  the  experimental  work. 
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